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Photograph by Floyd Walters

Aerial view of the east slope of the Front Range and the University of Colorado campus in Boulder.
Natural vegetation of campus is grassland. Snow-covered landscape is mostly above upper treelimit.



ECOSYSTEMS OF THE EAST SLOPE OF THE FRONT
RANGE IN COLORADO

I. INTRODUCTION

A distant summer view of the East Slope of the Front Range in northern
Colorado shows a dark band of coniferous forest limited by lighter-colored
landscapes of grassland below and tundraland above (Iig. 1 and Frontispiece).
Each of the three contrasting areas appears to be homogencous, and the
borders between them appear sharp. A closer view, however, reveals great
diversity within each arca and borders that are poorly defined. Herbaceous
communities and stands of deciduous aspen trees occur scattered through
the prevailing evergreen forest, and the species of dominant evergreen changes
from one site to another; fingers of forest and isolated stands of trees pene-
trate the tundra and grass landscapes for varying distances and become pro-
gressively less common until they disappear entirely. This landscape, then,
actually is broken up into a myriad of small units, most of which are repeated
from place to place in an intricate, changing pattern, and the major areas
gradually merge into one another. Description and explanation of this land-
scape pattern, processes which require identification, characterization and
classification of the units which make it up, present a challenge to ecologists.

Partial explanation for the diversity of this landscape is evident after only
brief acquaintance. It is general knowledge that mountain slopes rising a
mile in altitude intersect different types of climate. Along one contour at
any given altitude many features cause diversity: changes in topography
produce differences in exposure to sun and wind; variations in soil parent
material and topographic situation result in differences in texture, depth,
and water content of soils; fires have burned small and large areas, sometimes
repeatedly; miners, lumbermen, even farmers, along with sheep and cattle,
have left few square feet unmodified by their activities.

Adding details and quantitative features to this general picture of mountain
ecology is a much more tedious process, and progress has been slow. Meas-
urements of environment factors in the high mountains were made as early
as 1874 by the U. S. Army Signal Corps on the top of Pike’s Peak. In the
early part of this century, while ecology was just taking form in America,
many of the young ecologists were attracted to the Front Range. C. 8. Cran-
dall published an analysis of lodgepole pine succession in 1897; William S.
Cooper began his pioncer work on alpine ecology in 1904; Robert T. Young
measured temperature and humidity for brief intervals at Boulder and at
timberline on Arapahoe Peak in 1905; I'. E. Clements applied his dynamic

1
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concepts to study of lodgepole pine succession after fires in 1910; Francis
Ramaley published landscape classifications, mcasured environment factors
(as early as 1910), studied a variety of community types, and stimulated and
supervised many graduate students in field ecology; A. G. Vestal classified
the vegetation of the lower mountains; C. J. Whitfield (1933), Clements and
Goldsmith (1924) and others did research along an altitudinal transect from
plains to tundra on Pikes Peak with the support of the Carnegie Institution
of Washington. Publications by Ramaley (1927), Weaver and Clements (1938),
and by Daubenmire (1943), summarized the ecological knowledge of the
Rocky Mountains, and much that they contain applies to the east slope of
the Front Range.

When I first began research on the terrestrial plant ecology of the Front
Range in 1944, a revicw of the status of knowledge of its ecology indicated
that there was disagreement on the most natural basis for subdividing the
landscape into ecological units; there was a scarcity of quaniilalive date on
vegetation and cnvironment, and very little was known about the winter
ecology of the area. I also discovered that working on these features, cspecially
in the higher regions, would require special travel, living and research tech-
niques, as well as considerable funds, time, materiel, field facilities and per-
sonnel. However, further investigation suggested that all of the prerequisites
for research in the mountains could eventually be met through the University
of Colorado. Consequently I began research on a system of ccological units,
quantitative measurements of environment factors, and “year-round’ ecology
of the Front Range.

Week-end field trips each month of the academic year were started in 1946
with the Biology Department’s ‘“Winter Research Class”. Plans for field
projects were developed, field-tested, and revised periodically; Seience Lodge
(Fig. 1), the University’s center for summer field classes, was gradually modi-
fied into a year-round research station. The University established the Insti-
tute of Arctic and Alpine Research to give added impetus and coherence to
the mountain program.

The first large-seale project for intensive studies was developed under a
contract with the Office of the Quartermaster General in 1951. Precise nu-
merical measurements of several environment factors and of vegetation in
16 sites were carried out under that project from 1951 to 1953. An ecological
classification of the Front Range’s landscape units based on the ecosystem
concept was prepared during 1953 and 1954 as I organized the collected in-
formation and data into a report on the QM project (1956). Environment
measurements at the four key ridgetop sites have been continued without
serious interruption to the present time, and the Institute plans to carry this
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activity on indefinitely. Several detailed studies of selected ecosystems have
been completed (Luti, 1953; Douglass, 1954; Johnson, 1956; Osburn, 1958;
and Hess, 1959) and others are currently in progress.

The purpose of the present paper is to present (1) a classification of ter-
restrial ecological units of the Front Range based on the ecosystem concept,
with vegetation as the indicator of the extent of each unit, (2) general de-
scriptions of the vegetation and environment of the most common types of
ecosystems, (3) quantitative data on the vegetation and environment of
selected ecosystems and, (4) analysis of the successional status of many of
the ecosystems. I have attempted to present the materials so that they will
provide (1) an introduction to the plant ecology of the Front Range for stu-
dents and other persons who visit the mountains, (2) a skeleton framework
into which both plant and animal ecologists can fit their specialized studies
in such a way that the entire ecology of the Range can be synthesized eventu-
ally into a single unified story, and (3) a modern treatment of the Range’s
plant ecology for the use of biologists generally.

Many persons and agencies made significant contributions to this project.
The first and highest tribute goes to a group of young scientists who, as re-
search assistants, carried the brunt of the field observation program that re-
quired of them exacting and fatiguing work under conditions that were far
from ideal for scientific work, and not infrequently were fraught with some
physieal danger. Their work frequently called for exceptional physical stam-
ina and always demanded accuracy and a delicate touch with sensitive in-
struments. Their ingenuity was taxed to the utmost in devising guards against
malfunctioning of men under strain and fatigue, and of instruments and ve-
hicles that were sometimes poorly designed for the environment in which we
were using them. We originally had 16 environment-measurement stations
containing, in all, a total of about 240 instruments that had to be serviced
weekly or bi-weekly. It is a tribute to the abilities and stamina of these re-
search assistants that, during the year of continuous observations, there was
not one significant gap in the records. They contributed many ideas for pro-
cedures and methods that assured this continuity of records. It is a pleasure
to express satisfaction, admiration, and appreciation for the work of these
research assistants: Victor E. Favier, Albert W. Johnson, William 8. Osburn,
Markley W. Paddock, and William H. Rickard. Owen Albert Knorr, Ricardo
Luti, and Hal Mooney made important contributions as research assistants
in the summer of 1953. Many other students served in the important capacity
of field assistants. Dr. William A. Weber’s generous help in naming plants
provided us with authoritative identifications. I am grateful to the following
colleagues for criticism of the manuscript: William C. Bradley, Robert L.
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Crocker, Owen A. Knorr, William S. Osburn, Markley W. Paddock, Hugo
G. Rodeck, Leslie A. Viereck, William A. Weber, and Olwen Williams.

The field research was made possible by the support of the Office of the
Quartermaster General and Quartermaster Research and Development Com-
mand, United States Army, through a research contract. Personnel of the
Quartermaster Corps, especially Lt. Colonel Albert H. Jackman, Mr. Francis
Ramaley, Jr., and Mr. Will F. Thompson, gave helpful advice, made arrange-
ments for loan of U. 8. Government equipment and instruments, and handled
administrative details. Without the support of the administrators and me-
chanics from the Pueblo Ordnance Depot, U. 8. Army, the program could
not have been carried out. The City of Boulder co-operated by permitting
us to operate stations in the city watershed and to use the watershed roads
for access to the tundra.

Several departments of the University were helpful in organizing, equipping,
and operating the project. The Department of Biology granted me part-
time leave from teaching, provided office space, and loaned certain instru-
ments and materials. The Council for the Institute allocated funds from its
own reserves in order to permit completion of the project. Final field work
and extensive revisions of the manuscript for publication were accomplished
as part of a project supported by the U. S. Atomic Energy Commission (Con-
tract No. AT (11-1)-435) and, in part, while 1 was on a half-time Faculty
Fellowship for one semester granted by the University’s Council on Research
and Creative Work.

It is a pleasure to express gratitude for all these contributions to the pro-
duction of this paper.



II. THE UNIT OF STUDY AND ITS CHARACTERISTICS

After experimenting with the use of various concepts, terms, and units, I
concluded in 1954 that the ecosystem concept provides the most logical foun-
dation for research and teaching in ecology. This concept has always been
inherent in dynamic ecology, although general use of the term itself is quite
recent. Cowles employed the concept in his physiographic ecology (1901),
as did Cooper in his classical paper, “The Fundamentals of Vegetational
Change”, published in 1926. As Cooper states, ‘‘Organisms and environment
make a system; events concerned with one necessarily involve both.”

The first precise exposition of the ecosystem concept in the English language
was published in 1935 by Professor A. G. Tansley, who writes as follows:

.. .the ... fundamental conception is as it seems to me, the whole system (in the sense
of physics), including not only the organism-complex, but also the whole complex of
physical factors forming what we call the environment of the biome — the habitat fac-
tors in the widest sense. Though the organisms may claim our primary interest, when we
are trying to think fundamentally we cannot separate them from their special environ-
ment, with which they form one physical system.

It is the systems so formed whieh, from the point of view of the ecologist, are the basic
units of nature on the face of the earth. Our natural human prejudices foree us to consider
the organisms (in the sense of the biologist) as the most important parts of these systems,
but certainly the inorganic ‘“factors’’ are also parts — there could be no system without
them, and there is constant interchange of the most various kinds within each system,
not only between the organisms but between the organic and the inorganic. These eco-
systems, as we may call them, are of the most various kinds and sizes.

Major (1951), Daubenmire (1952), Costin (1954), Odum and Odum (1955),
and others used the ecosystem concept in their research. Its use in teaching
has been urged and described by Evans (1956), Odum (1957), and Sjérs (1955).
I have used it now for eight years in both research and teaching and have
found that it is efficient because it fits natural landscapes closely, requires a
minimum of vocabulary, and is effective in the analysis and discussion of most
of the basic principles and problems of ecology. I have developed the follow-
ing description to explain how I use this concept:

An ecosystem is an ecological unit, a subdivision of the landscape, a geo-
graphic area that is relatively homogeneous and reasonably distinet from ad-
jacent areas. It is made up of three groups of components — organisms, en-
vironment factors, and ecological processes. The organism category includes
both plants and animals. Environment factor is used here in the broad sense
of almost any physical substance, force, or condition; time, latitude, altitude,
fire, and exposure, for example, are environment-factors along with soil mois-

6
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ture, air temperature, and so on. The ecological processes are interactions be-
tween organisms, between environment factors, and between organisms and
environment factors.

Since ecosystem is a category of things, and the term can be applied to areas
of any size, such as a small meadow or the extensive grasslands of Central
North America, a classification of ecosystems is essential. As the literature,
however, contained no classification of ecosystems, I developed one, keeping
the obvious pitfalls in mind and using established ecological terms where they
could apply. This classification is as simple as the need permits and will re-
quire elaboration as individual units are worked on more intemsively and
larger regions are encompassed. The four units used in the present study are
the ecosystems that I have named stand, stand-type, climaz region, and ecotone
TEGLoN.

A stand is a concrete unit that can be mapped and studied in detail in the
field; for example, the spruce-fir forest east of Silver Lake in Boulder County
is a stand. Stands are divided into two major categories on the basis of their
relative constancy in all characteristics. If some or all of their characteristics
are changing, because their ecological processes are far {from being in equi-
librium, they are relatively transitory units and are called successional stands.
When there is little change in the stand’s total character from century to
century, because the ecological processes are close to being in equilibrium,
and there is no evidence in the region, nor in the publications on similar types
of ecosystems in other regions, that it will ehange to another type under cur-
rent climate and physiography, it is called a clémazx stand. There are usually a
few to many different kinds of climax stands (real or potential) in any one
climatic region, each climax being peculiar to that region. Each climax stand
is under the predominant control of some major complex of environment fac-
tors, such as climate, soil, or topography. Several different systems of termi-
nology have been developed for naming these stable units (and also the un-
stable ones related to them) (Oosting, 1956). Tansley (1935), whom I follow,
as does Daubenmire (1952), in his paper on the northern Rockies, applied
climaz to every relatively stable unit regardless of the ultimate dominant con-
trol. Thus I use names like topographic climax and edaphic climaz. A more de-
tailed discussion of the characteristics of successional and climax units will be
given below after the other ecosystem units have been introduced.

A stand-type is a synthetic unit whose characteristics are obtained by com-
bining the range of variations between all the stands that resemble one another
closely. The spruce-fir stand-type of the Front Range is a synthesis of all the
stands of spruce-fir forest that resemble one another more than they resemble
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other stands. The successional and climax terms described above are applied to
stand-types as well as to stands.

A climax region is an extensive geographic region within which there is a
distinctive pattern (either real or potential) of climax stand-types; for sim-
plicity, the region is often identified and deseribed by its climatic climax alone,
with the understanding, however, that many other stand-types, both ¢limax
and successional, are also present in the region. The portion of the Front
Range that has a climatic climax of Engelmann spruce and subalpine fir is the
subalpine forest climax region.

The boundary of a given stand ecosystem is often vague, because the com-
ponents of adjacent stands tend to mingle with one another in a transition of
variable width. Similarly, climax regions are not sharply set apart; between
any two climax regions there is a relatively narrow arca made up of a distinc-
tive set of stands, possibly including some from the two adjacent climax re-
gions; this area is an ecotone region, a landscape unit of equivalent rank with
climax region. The “timberline area” or “tree-limit”’ is one such ecotone re-
gion. There are characteristic stands and stand-types in each ecotone region,
but they are not deseribed in this paper.

Some confusion may be eliminated by a brief discussion of synonymy at this
point:

The term stand is often used, especially by foresters, to designate only the
vegetation portion of an ecosystem, using site for the stand’s environment. 1
am, therefore, using the term siand in a special sense that differs from some
past usage. I believe, however, that most people are thinking about both en-
vironment and vegetation when they use the term stand, and I think it pref-
erable to modify the definition, restricting thereby the usage of an old term,
rather than to coin a new one at this time. Stand-type is approximately equiva-
lent, to Clement’s faciation, and to association as used by Tansley and many
other botanists. Climax region is comparable to Clement’s association, and to
life zone as used by Ramaley, Daubenmire, and others. Vegetation is all of the
plants of an ecosystem of any given rank and their organization in the unit.
Plant community is synonymous with vegetation as applied to units of any
rank. Stte is the same as external stand environment (see below).

Environment is a concept that is easy to describe in general terms but diffi-
cult to identify in the field, especially when one sets out to measure quantita-
tive features of the environment’s factors and is selecting the preeise position
in which to place an instrument,. It is self-evident that the environment varies
from place to place inside a stand, is different inside and outside of a stand,
and changes from one stand-type to another. Platt (1958) has discussed this
variability and the associated problems of measurement and correlation (1958)
and has also proposed a simbple classification of environments (1954).
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1 have developed the following classification of environments: External stand
environment means the environment in an area just outside the space within
which the plants of a stand are interacting with environment factors impinging
on the stand from outside sources. It is essentially synonymous with site and is
a constant during one climatic interval, persisting unchanged even when vege-
tation changes. Internal stand environment means the environment inside a
stand; its factors usually differ from those of the external stand environment
as a result of interactions with other ecosystem components in the stand, but
it is theoretically possible for certain factors to be the same in both environ-
ments. Most stands have a structure or organization produced by differences
in the vertical or horizontal size or grouping of individual plants. These sub-
divisions of stands may be referred to as unions, layers, synusiae, or patches.
In some types of research it is desirable to divide the internal stand environ-
ment into units that parallel one or more of these subdivisions of the stand and
to study, for example, union environmenits, A climax region environment is the
external stand environment of the climatic-climax stand-type of that region.

The basis for scparating stands into successional and climax categories was
described briefly above. Since the terms succession and clémax have been used
in a variety of senses (Whittaker, 1953, and Churchill and Hanson, 1958),
further clarification is desirable. An exhaustive discussion of these terms is not
essential here, but it is desirable that their meaning as applied to stand eco-
systems be made clear.

The two terms can be understood more easily if a distinetion is first made
between two very distinet categories of ecosystem processes. First, there are
processes of interactions between the components of a single stand, which op-
crate within both suceessional and climax stands and continue as long as the
stand exists. Second, there is the process of change from one stand-type to
another, which occurs only in successional stands and results from the processes
of the first category. Additional comments on these processes are given in the
following discussion of terms.

The words equilibrium and stability are frequently used in discussion of sue-
cession and climax and therefore require some attention here. It is relatively
easy to see that a successional stand is unstable, that it is not in equilibrium.
This use of these words does not cause much trouble. However, when one
makes the oft-repeated statement that a climax stand is stable or is in equi-
librium, many biologists rebel. Now, it certainly is true that no stand is “sta-
ble”” or in “equilibrium”’ if the meaning intended is that the ecosystem proc-
esses have ceased; but this is not what is meant. All stands are dynamic in-
ternally; there arc a myriad of processes going on in every stand as long as it
exists; if they should cease, the stand would disintegrate. This fact is true of a
climax as well as of a successional stand. The point of difference is that the
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internal dynamies in a climax stand are approximately in equilibrium while in
a successional stand they are far from being in equilibrium. The basic differ-
ence between the two types is that successional stands possess an additional
kind of dynamics: they are dynamic in total character, slowly changing from
ane stand-type to another, whereas the total character of a climax stand
changes little from century to century.

Or to put it another way: In a climax stand the processes fluctuate within a
range of variation that remains constant, while in a successional stand the
range of variation of the processes is shifting in one direction. For example, in a
spruce-fir climax stand, a blueberry shrub may grow up on the spot left bare
when & 500-year-old spruce tree blew over, and a fir seedling may develop
eventually under the blueberry and grow into a tree that eliminates the blue-
berry. However, no ponderosa pine or grama grass will ever occupy that spot
{unless there is a drastic change in climate). In a successional aspen stand, on
the other hand, spruce and fir trees grow up beside aspen trees and eventually
replace them entirely, so that a spruce-fir stand oecupies the site that sup-
ported an aspen stand at an earlier date.

One final comment on processes and stands: There are universal tendencies
for ecological processes to bring about changes from one type of successional
stand to another until a climax is reached (Cooper, 1926) and to maintain a
climax stand in a relatively stable condition once it is established. To state
these prineiples in greater detail, there is a progressive increase in the stability
of successional stands that succeed one another in time in one site, because
there is a decrease in both the kinds and the magnitudes of changes. Eventually
a stand develops in which the many ecosystem processes are close to being in
balance, and the stand is changing very slowly; study of neighboring stands
and the literature on similar stands suggests that there will be little further
change in the total character of the stand as long as climate and physiographic
processes fluctuate within their current limits of variation. The same species of
plants will have dominated the stand for a period of time that is long in com-
parison with the average life span of single individuals of those species (Beadle
and Costin, 1952). This relatively stable stand is the climax. The elimax is not
a static entity, but rather, as Cowles put it: . . . the condition of equilibrium
is never reached, and when we say that there is an approach to the mesophytic
forest, we speak only roughly and approximately. As a matter of fact we have
a variable approaching a variable rather than a constant” (1901). Further-
more, as was mentioned above, it must not be implied that all ecosystem proc-
esses have slowed down or stopped. Most processes are continuing but the re-
sultant of all processes is close to being an equilibrium. It is important to
remember that the status of a stand is determined by all of its characteristics
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— for example, a stand is successional if it is changing in structure even though
it already contains all of the species of the climax stand-type of that site.

The nature of a given elimax is determined by all of its components; the
environment is holocoenotic (Cain, 1944), and no one factor changes without
influencing other factors. The flora and fauna must also be considered in
searching for the control of the character of a climax (Beadle, 1951). However,
it is true that some complex of ecosystem components is usually paramount in
controlling the character of a climax in any one climax region.

When all factors are operating at moderate or intermediate intensities, such
as on a gently rolling surface with parent material of intermediate physical
properties, and there has been ample time for the genesis of a deep soil whose
properties are changing very slowly, and for experiments in ecesis (migration
and establishment) by all species in the regional biota, and for a general bal-
ance to develop between species, the unit is a climatic clémax (essentially the
same as used by Daubenmire (1952)). The regional climate is the paramount
control of the climatic climax. When some complex of ecosystem components
deviates from the moderate magnitude, the climax will differ from the climatie
climax and is named for the complex that prevents it from changing to the
climatic elimax. Thus when a slope is steep, topography is extreme and a rela-
tively stable unit in such a site is a topographic climazx. If topography is made
more moderate, as it may be In geologic time, ecosystem change will tend to
produce the climatic climax, Where soil parent material is of a type that re-
sults in a soil unusually coarse or fine, or one that has a deficiency or an excess
of some mineral usually present in soil, the relatively stable unit is an edaphic
climaz. Effcets of both topography and soil are often so strong or so inter-
mingled that they cannot be separated, resulting in a topoedaphic climazx. Un-
usual concentrations of animals, or of plant or animal parasites, may produce
a biotic climaz.

There is a tendeney for all succession in a given type of site to converge
toward a given type of climax regardless of the differences that may exist be-
tween the suecessional stands of different sites of that type. Aspen may pioneer
in one spruce-fir site and lodgepole pine in another spruce-fir site after lumber-
ing; the product of succession in both sites, however, will be spruce-fir stands
of one type. This fact means that there are tendencies for a particular charac-
teristic pattern of climax stands to develop in each climax region, and that
pattern tends to persist once it has developed. If processes of geologic planation
and soil genesis proceeded more rapidly than organic evolution, and climate
remained relatively constant, there would be a tendency for convergence of
all climax stand-types of a given region to the region’s climatic climax.



III. THE PROGRAM OF INTENSIVE FIELD STUDIES
A. SELECTION OF STANDS

The project objectives, as listed above, required study of selected stands,
with emphasis on measurement of environment, and obsgervation of winter
processes. The first step in designing the field program was to decide which of
the innumerable stands should be studied. It had been recognized as early as
1907 that there were 4 different regions in this area (Ramaley, 1907) —
namely, Lower Montane, Upper Montane, Subalpine, and Alpine — and it
was reasonable to expect that there would be at least 4 climax stand-types in
each region, one on each of the 4 major topographic sites of ridge top, north-
facing slope, south-facing slope, and valley floor. Field reconnaissance sup-
ported this expeetation in the 2 lower regions, but no consistent relation be-
tween vegetation and those 4 topographiec sites was evident in the subalpine
and alpine regions. However, T decided to keep topographic site constant any-
way in the different regions while measuring other factors that were varying
with time. In order to minimize differences between sites that result from being
located in different storm tracks or some peculiar local feature of air-mass
movement, it was necessary to find an altitudinal transect that followed one
ridge system from the Plains to the Continental Divide. I selected the land-
scape between the drainages of North Boulder Creck and Left Hand Creek,
because it fulfilled the topography requirements and our facilities and road
systems made i{ possible for us to develop an efficient logistic system for year-
round field work in this area. '

Principles of regional ecology suggested that there would he variation be-
tween stands of one stand-type at different elevations within one region; con-
sequently, I selected stands that were intermediate in the altitudinal range of
their type. I also attempted to choose stands with soils and topographic set-
tings that were moderate for their type. I had not yet identified individual
stands in the tundra when the time came to install environment-measurement
stations. Consequently, I sclected 4 areas that were comparable in setiing to
the stands in the other regions. Topographic and travel complications dictated
selecting & tundra valley area several hundred feet lower, and a lower montane
valley area several hundred feet higher, than was called for in the project
design. The location of study areas, facilities, and travel routes arc given on
the map in Figure 1.

B. ExVIRONMENT MEASUREMENTS

1. STATUS OF KNOWLEDGE OF MOUNTAIN ENVIRONMENTS

The intrinsic complexity and variability of mountain environments in both
space and time are well known. Measurement, of any one factor for a period
12
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long enough to provide significant data requires eonsiderable time and energy
in servicing the instrument, checking its accuracy at reasonable intervals, and
summarizing and interpreting the data provided. Data for any period of less
than a year are useless for most purposes. It is, therefore, essential that one
study his objectives carefully and design his program with care before starting
a project on measurement of environment factors.

Reasonable samples of regional characteristics of environment factors have
been measured by the Weather Bureau and other agencies and individuals in
most of the non-mountain areas of the world, but mountain area data of value
to ecology are notoriously lacking (Baker, 1944). However, there arc some
data for Colorado’s mountains. In fact, in 1890 the third longest record in the
state was for the top of Pike’s Peak at an elevation of over 14,000 feet, where
the U. S. Army Signal Corps had pioneered high-altitude weather data col-
lecting from 1874 to 1888 (Greely, 1891). Additional data have been gathered
at various communities in the mountains over the years, but most of these
records are fragmentary. Some records lack a few months’ data every year or
50, most stations were operated for only a few years, and a large number of
stations were, or are, in speeialized sites that do not give a usable notion of the
regional environment (Baker, 1944, and Ives, 1938), Attempts to compare
different areas are frustrated by the fact that records at the different stations
do not encompass the same time interval; therefore, because of the often great
variation in annual environment from year to year, no comparison is valid.
Bates (1924) comments on this variability of factors in time and the necessity
for use of identical periods in comparing two areas.

Ramaley and his colleagues performed environment studies (Ramaley,
Dodds, and Robbins, 1908; Ramaley and Robbins, 1909) that were outstand-
ing for their time. Young had made some short-term measurements even
earlier (1907). Robbins in 1910 and again in 1917 made the first attempts to
characterize the climate of cach of Colorado’s major floristic regions. Ramaley
compared the climates of Boulder, Tolland, and Rollins Pass in 1919. Whit-
field (1932 and 1933) described the vegetation types of the Pike’s Peak region
and some of their atmospheric factors, using data collected during two sum-
mers. Bates’s studies, published in 1924, made in the south part of the Front
Range, measured many factors in many stands for reasonable lengths of time.
Holch and his associates (1941) measured atmospheric factors during one
summer at three stations in Rocky Mountain National Park just 40 miles
north of our area. Baker (1944) includes the east slope of the mountains in
Colorado in his graphs of Weather Bureau data that illustrate variations in
several factors with change in elevation on the different mountain systems of
the Western United States.
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2. FACTORS TO BE MEASURED

After reviewing the status of our knowledge of mountain environments, I de-
cided that the most valuable contribution we could make with the abilities,
materiel, facilities, and funds available would be to measure external stand
environment on a year-round basis, using identical instruments and procedures
in the 16 different sites selected for study.

External stand cnvironment should he measured, ideally, on towers above
the vegetation and in excavations below the plant roots. Practically, it is rea-
sonable for most purposes simply to reduce vegetation cffect on the instru-
ments to a minimum. Consequently, stations for forest stands were placed in
clearings subjected to little shading, and anemometers were mounted above
the general tree level. The next step was to decide which of the many factors
and factor-complexes on which data were needed should be measured first.
Since many factors vary widely from day to day, month to month, and year
to year, and data on these highly variable factors for different stands cannot
be compared unless they are taken simultaneously, the initial project was de-
signed for continuous study of the most variable factors through one entire
year of measurement. Study of relatively time-constant factors was given a
low priority, because this study could be made in smaller projects concentrated
on a single stand as time permitted.

Environment-measurement stations were first installed in the summer of
1951 (Fig. 1 and Plate 1A). Continuous operation of all instruments except
anemometers began on 1 October, 1951, During thefollowing winter, all instru-
ments, procedures, and personnel were given thorough checks for accuracy,
efficiency, and suitability for operations in the rigorous mountain environment.
Innumerable problems were encountered and solved. Some instruments and
individuals were found inadequate. The 4-inch diameter, plastic rain gauges
we started with were found to be too small for sampling heavy snow storms,
Rccording instruments at the higher elevations required “winterization” to
prevent snow from blowing into the housing and producing several complica-
tions. Flies found these instrument housings congenial environments and made
record sheets almost useless by peppering them with “fly specks”. These are
only a few of the many problems that we had to solve.

Standard 8-inch diameter rain gauges and 3-cup anemomecters were in-
stalled in the summer of 1952. All instruments and procedures were operating
satisfactorily by the beginning of the year of continuous measurements on 1
October, 1952,

3. INSTRUMENTATION

Instrumentation at each station was as follows:
1. A standard “cotton belt” Weather Bureau type instrument shelter with



ECOSYSTEMS 15

its floor approximately 4 feet above the soil level housed Weather Bureau type
maximum and minimum thermometers, a Bourdon-tube thermograph, a hair
hygrograph, or a hygrothcrmograph and a sling psychrometer. At ridge top
and all tundra stations, duplicate thermographs were operated as a precaution
against loss of data due to instrument failure.

2. A standard 8-inch mctal rain gauge with the top about 3 feet above the
ground.

3. A metal soil-temperature box with Weather Bureau type maximum and
minimum thermometers housed in metal pipes at depths between 5 and 7
inches and between 11 and 13 inches below the soil surface. The boxes are
waterproof and have insulation in the lid and between the box and pipes. The
s0il was removed at the time of installation and packed lightly back into
place after the pipes for holding thermometers had been installed. Plants were
removed from the soil above the pipes as fast as they developed there.

4. A 3-cup totalizing anemometer, mounted in the top of a tree approxi-
mately 2 feet above the general level of tree crowns in forested areas, and ap-
proximately 8 feet above the soil in tundra sites.

5. Two sets of wooden poles for measuring snow depth, one anchored in the
soil for readings on total depth, another mounted on cross-arms and placed
on top of the snow surface each week to give weekly accumulation readings.
These poles were placed in situations among trees where wind would not pro-
duce drifts. No quantitative records were made for stations in extensive clear-
ings and above timberline where snow depth was controlled largely by wind.

Data were collected on certain environment characteristics not measured by
the instruments listed above. Each week, depth of snow over the soil ther-
mometers and the type and extent of cloud cover, if any, were recorded by
station “servicers’”. At the end of each month, determinations were made of
the water content of the snow pack and of the soil at depths of 5 to 7 and 11
to 13 inches,

Soil samples, exclusive of stones, werc collected in each stand from depths
of 0 to 6 inches and 6 to 12 inches, and mechanical analyses were made ac-
cording to standard U. 8. Department of Agriculture procedures by the U. S.
Army Engineers Waterways Experiment Station.

4, METHODS AND PROCEDURES

The environments in which we operated and the circumstances of servieing
trips often imposed severe physical and mental strain on the men doing the
servicing., Furthermore, the instruments employed were not designed for the
type of environment encountered at many of the stations. It was necessary,
therefore, to devise unusually detailed field methods and procedure in order
to insure correct performance of both men and instruments. Many weeks of
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careful study were spent in preparation of the first set of procedures, which
were restudied and improved weekly until almost completely fool-proof rou-
tines were developed.

Study of the performance of instruments at each station during the year
of test operation revealed that weekly servicing supplied data with reasonable
margins of error. It was, therefore, not necessary to use the standard and ex-
pensive procedure of hourly or daily checks. However, as a reasonably eco-
nomical safeguard, we did visit the more accessible stations twice each week
in order to check on accuracy of instruments and to replace any found faulty.

Special procedures were developed for servicing instruments and maintain-
ing records in order to insure accuracy of data. Methods were devised for
cross-checking each week the data on one factor measured by different instru-
ments at one station or similar instruments at adjacent stations,

Several months of experience were necessary before a “servicer” absorbed
these procedures so completely that he rarely made a mistake or failed to take
proper corrective actions regardless of the severity of the weather or the extent
of his physical fatigue. This period of apprenticeship was lengthened, of
course, by the fact that a “servicer” had opportunity to practice the proce-
dures only once a week.

The circumstaunces described above that required development of special
field procedures also called for special methods of handling ficld records after
they had reached the laboratory. As soon as possible after records were col-
lected, they were studied carefully and & “Status of Stations and Evaluation
of Data’” form was filled out. Instrument charts and field-data sheets were
then microfilmed and the film stored in a fireproof vault as a precaution
against loss of valuable records. Field data were transferred to “Summary of
Environment” tables as rapidly as pressure of carrying on the more rigid
requirements of field work permitted. Finally, several additional types of sum-
maries, charts, and graphs were prepared in order to condense the original
data to dimensions that could be easily grasped by a reader.

5. PREPARATION OF SUMMARIES

It was necessary to condense the large volume of raw field data in order to
obtain figures that could be comprehended and compared with reasonable
ease. The raw data for the one year of continuous observations consisted of
approximately the following: 1,500 field-data sheets, 2,300 charts from record-
ing instruments, 900 special observation sheets, and hundreds of supplemen-
tary observation sheets.

Data from each station were first evaluated carefully by using a variety of
methods for checking the accuracy of instruments and servicers. Certain data
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were then transferred to the monthly summary sheets, and daily and monthly
means and extremes were determined and recorded. The completed summary
was redone by a different assistant to eliminate errors. The First Assistant
then inspected the summaries by following a given factor through successive
weeks and checking back to original data on any situations that appeared odd.
Finally, I checked all summaries, employing a method of comparing summaries
from adjacent stations that brought to light some errors and also provided in-
formation on numerous characteristics of the environment.

Annual summary sheets were prepared for each station (Appendix II);
more-condensed tables were prepared for eachregion (Tables 5, 11, 17, and 27)
and for the elimatic-climax sites of each region (Table 9). The data have been
used in the present paper to characterize the environments of many stands
and of the four climax regions. A scparate paper on more detailed analyses
and comparisons of these data is under preparation,

I believe that data from our stations are comparable in terms of accuracy
and of representation for an arca with those collected by the U, S. Weather
Bureau. For example, our D-1 Tundra Ridge Top Station data probably have
a relation to actual regional conditions for that site that compares favorably
with the relation of the Denver Weather Bureau data to the actual conditions
in the Denver area. Since our stations are free of the effects of human cultural
influence, they probably give data that are actually closer to the natural en-
vironment than are those of the Burcau. We recognize, nevertheless, the in-
adequacies of both sources of data.

C. Stupy oF VEGETATION

Quantitative data on the vegetation of the stands were collected in 1953 by
the assistants, who used a quadrat method. Some of the stands were small and
more heterogeneous than desirable, because, in selecting them, I gave priority
to their appropriateness for the environment-measurement program. Conse-
quently, quadrats were located so as to sample the range of variation in the
stand. The following data on trees were collected in at least three square
quadrats, 66 x 66 feet, in each stand: species and diameter of all trees, age and
height of several individuals in each size class, and species (where possible)
and diameter of all stumps. The presence and per cent cover of each shrub
species and of saplings (over 1-inch diameter, breast height) of each trec spe-
cies were recorded for square quadrats, 12 x 12 feet, nested in the northwest
and southeast. corners of each tree quadrat. Finally, the presence of each herb
species and seedlings of each tree species were recorded in square quadrats,
3 x 3 feet, nested in each corner of each trec quadrat. Since the 3 lower valley-
floor stands were continually disturbed by man and/or stock, no quadrat
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samples were taken for them; instead, a complete list of species present was
prepared for each stand.

The number of species present in each stand was often large. In order to keep
the data in tables to reasonable dimensions, only those species having a pres-
ence of more than 20 % were included. A eomplete list of all species observed
in each stand is presented in Appendix I. Plant names were based on Weber,
1961.

The stands are named for the “conspicuous” plant(s); such species may or
may not be the dominants in the sense of having the highest cover or basal
area in the stand.



IV. REGIONAL FEATURES OF THE FRONT RANGE

Some of the conspicuous regional features of the ¥ront Range were de-
scribed in the introductory section. A few additional details that apply to the
study area as a whole will now be reviewed.

A. GEoOGRAPHY AND GEOLOGY

The Front Range is unique geographically because it is the easternmost unit
of the complex Rocky Mountain System; it is bounded by the Great Plains
on the east, and by mountain ranges or large inter-mountain “parks” on the
west; it merges almost imperceptibly into other mountain ranges to the north
and south. The Continental Divide forms the backbone of the Front Range.

Many geomorphic processes have been active in developing the surface
forms of the Front Range. There is no single dominant topographic form for
the range as a whole; valleys vary from deep and narrow to shallow and broad;
some interstream uplands are knife-edges while others are broad, gently rolling
surfaces; there are some high peaks with broad, rounded tops while others are
sharp, with only a few square yards on their top.

The east slope of the range rises from the 5,600-foot elevation of the Plains
to peaks over 13,000 feet and passes that are rarely lower than 11,500 feet.
This climb of more than a vertical mile in a horizontal distance of 20 miles
occurs in 2 giant steps. Ridges rise to approximately 8,500 feet within 5 miles
of the Plains and then climb very gently in an irregular, rolling surface,
which some authors have called the Rocky Mountain surface (Plate 1B), for
approximately 8 miles to an elevation of about 9,000 feet. Ridges then rise
more steeply for 2 or 3 miles to another more level area, around 11,400 feet,
that some geologists have called the Flattop surface. This latter surface, made
up of gentle siopes and low knolls, rises slowly to the west for several miles,
sometimes reaching almost to the Divide but more often terminating in a
narrow, steep-sided ridge.

Valley profiles are also irregular, but their steps do not coincide spatially
with those of the ridges. Most valleys are narrow and deep near the foothills.
They climb at a relatively gentle gradient for about 6 miles up to an elevation
of around 6,000 feet. A steeper gradient, often marked by rapids in narrow,
deep gorges, raises the profile to about 7,500 feet in 4 few miles where valleys
become broader and have more gentle slopes. Thereafter, the rise is gentle
up into the region that was glaciated in Pleistocene time, where valleys are
often even more broad for some distance. Proceeding westward, all valleys
eventually become narrow and deep again with profiles that, as a product of

19
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glaciation, are U-shaped in cross-section, and “giant-stepped” longitudinally.
They terminate in deep, precipitous-walled, glacial cirques.

The country rocks are Precambrian granites to granodiorites and meta-
morphics in large batholithic masses, and Tertiary quartz monzonites to
diorites that occur in part as stocks, dikes, and sills injected into the Pre-
cambrian rocks. Sedimentary rocks of Paleozoic and Mesozoic age are con-
fined to the foothills arca. A complex pattern of faults has affected the to-
pography in many parts of the Range. Glaciers have produced spectacular
landscapes in the higher areas and have influenced topography down to about
8,000 feet.

B. CrimaTE AND WEATHER

The climate of the entire study area is continental in general character;
sudden and extreme changes in atmospherie factors may occur from hour to
hour, day to day, any season of the year, and from year to year. Robbins
(1910 and 1917) summarized the available climatic data for the Front Range
in his reviews of the climate of Colorado. The general character of the climate
is described in Daubenmire’s 1943 paper, and Ives (1938) gives details on
many features of the Front Range weather.

The east slope is on the lee side of the range with respect to the prevailing
westerly winds. Air masses move in from the north, northwest, west, south-
west, and southeast from time to time, each producing a characteristic type
of weather. Cold fronts from the north, any season of the year, often move
southward parallel to the mountains, forming stratus clouds at the base of the
warm air they are forcing upward, and pouring cold air back into the moun-
tain valleys. The regional consequence is a strong temperature inversion with
relatively warm, sunny weather above, and dark, colder weather below, the
clouds for a few hours or days. The cold air eventually displaces the warm en-
tirely, skies clear, and night temperatures drop to their lowest point. There
follows a period of several days during which strong solar radiation warms the
ground, which in turn radiates back to the atmosphere, and there is a general
rise in regional temperature until the maximum possible under existing radia-
tion and air-mass conditions is reached. Thereafter, the weather remains rela-
tively stable until upset by the appearance of another air mass or, in summer,
by a build-up of convectional activity. These cold-front storms sometimes
produce significant amounts of precipitation, especially when there is a con-
tinued influx of warm Gulf air above the cold mass. However, many cold
fronts move through so rapidly that little or no precipitation occurs.

Pacific air masses enter Colorado from any westerly direction but most
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commonly come from almost due west. They are notorious for producing
strong winds. Under certain meteorological conditions, these west winds pro-
duce a chinook wind (Cook and Topil, 1952) which is unseasonably warm and
dry, especially at lower elevations, and has peculiar and disquieting psycho-
logical cffects on human beings. The familiar giant “crest-cloud” (Ives 1950)
often forms along the crest of the Divide during a chinook. These westerly
winds contribute some precipitation at higher elevations but the amount is
insignificant below 9,000 fcet and of limited volume above that elevation.

Gulf air masses, often modified by mixture with air from other sources,
move into Colorado most vigorously in spring and fall; as they rise along the
mountain slopes, or are elevated by a cold front, they give rise to the major
portion of the east slope’s precipitation. Many of these storms dissipate at an
elevation of about 9,000 feet, but each season some of them reach to the
Divide, with the deepest snowfall occurring most frequently in the subalpine.
Occasionally, one of these warm-front storms becomes spectacular by dumping
a deep snow cover over the entire east slope, as much as 3 fcet deep in the
foothills and over a foot deep at 12,000 feet,.

Summer convectional storms, the familiar “mountain thunderstorms”, pro-
duce an abundance of precipitation, and their lightning sometimes destroys
trees and, less frequently, starts fires.

Fire has always been an important component of the Front Range land-
scape. Crandall (1897), Clements (1910), Sperry (1936), and Stahelin (1943)
describe many aspects of the ecology of firc in this area.

‘C. VEGETATION

The flora of the range is well known and is covered by the excellent books
by Weber (1961) and by Harrington (1954). The general character of the
more common vegetation types of the east slope arc fairly well known, al-
though their ecology has been somewhat confused. A review of the general
features of the vegetation of the cntire slope follows.

The conspicuous topographic break between the plains and the foothills of
the Rocky Mountains is accompanied by an equally striking change in vege-
tation, from grassland to forest. The grasslands that dominate the Great
Plains are broken by groves of trees only in isolated sites of unusual soil con-
ditions and in strips along river valleys. Grasses also dominate many of the
lower mesas and foothill slopes, but trees become dominant on the higher
mesas and foothill slopes at the base of the mountains. The rocky backbone
of the foothills usually is occupied by a band of ponderosa pine (Pinus pon-
derosa Laws.) trees, while grasses cover the deeper and finer soil in the low-
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lands between the hills. At progressively higher elcvations, between about
5,600 and 6,000 feet, grasses become less abundant, and trees become more
common. Within this area, regional climate is suitable for both grasses and
trees; differences in soil or topography, or both, determine which of the two
vegetation types will occupy a given locality. Fine, deep soil supports grass-
land; coarse, rocky soil and even fractured rock outcerops support pine. Open
stands of ponderosa pine on south-facing slopes are often park-like. Stands
on north-facing slopes are more dense and may contain Douglasfir (Pseudo-
tsuga menziesii (Mirbel) Franco), ponderosa pine, or a mixture of the two
species. Cottonwood trecs (Populus sargentis Dode) similar to those on river
bottoms in the plains extend up into the mountains along rivers, but the
species change with increase in altitude first to P. acuminate Rydb. and then
to P. angustifolia James.

Forest is the dominant vegetation from about 6,000 feet to treelimit at
approximately 11,400 feet. Between elevations of approximately 6,000 and
7,700 feet, ponderosa pine and Douglasfir are the conspicuous trees, pon-
derosa pine being dominant on southern exposures and a mixture of ponderosa
pine and Douglasfir dominating northern exposures. Extensive dry meadows
are still common in this area, especially on south-facing slopes. Douglasfir
becomes more and more common on southern exposures with increasing alti-
tude. From elevations of about 8,000 to 9,000 feet, the same tree species are
common, but individual communities have a greater density. Stands on south-
ern exposures are dominated by a mixture of Douglasfir and ponderosa pine.
Northern exposures may have a clear dominance of the Douglasfir, although
ponderosa pine is rarely absent. Meadows are less frequent than at lower
elevations.

Stands of lodgepole pine (Pinus contoria Dougl.) and aspen (Populus tre-
muloides Michx.) become common on north-facing slopes around 8,500 feet
elevation and on ridge tops and south-facing slopes a few hundred fcet higher.
These two specics are the only trees over many acres of landscape affected
by lumbering and/or fire. They occur above the upper altitudinal limits of
ponderosa pine and Douglasfir but become less common above approximately
10,000 feet.

Engelmann spruce (Picea engelmannii (Parry) Engelm.) and subalpine fir
(Abies lasiocarpa (Hook.) Nutt.), join the other trees around an elevation of
9,000 feet and are the most abundant species from about 10,000 feet up to
about 11,000 feet.

Trees become progressively smaller and more deformed, and the smaller
alpine-tundra plants become more abundant, between about 11,000 and 11,400
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feet in the fascinating ‘‘treclimit” region. Spruce, fir, and limber pine are
the most common “trees”, but there are occasional individuals of aspen and
lodgepole pine in this ecotone region. Herbs, minute shrubs, and lichens are
the dominant plants above 11,400 feet.

The last tree to be mentioned is limber pine (Pinus flextlis James), the
species that has the widest altitudinal range. It is never abundant over a
large area but does occur from around 8,000 feet to tree-limit, usually in sites
that are windy and have coarse soil.

Ponderosa pine, Douglasfir, spruce, and fir are dominants in climax as well
ag in successional stands. Aspen is usually successional, but small, isolated
stands may be climaxes. Lodgepole pine is always successional. Limber pine
is usually climax but does form successional units in certain situations.

Most forest stands on the east slope of the Front Range have been affected
by lumbering or fire or both. Papers describing succession after fire and dis-
turbance by men are cited in the discussions of the individual stands in the
next section. Successional processes in the absence of fire and man have been
described by Cooper (1908), Schneider (1911), Ramaley (1916, 1919, 1920),
Robbins (1918), Schwann & Costello (1951), and Griggs (1956).

D. RecronaL EcosysTeMs

I referred in the introduction to the great variety of landscape units in the
study area. Biologists have organized these units according to several different
systems of classifications. The earliest Colorado biologists applied the Mer-
riam system (1898) with varying degrees of satisfaction (Young, 1907; Cary,
1911); Niedrach and Rockwell (1939), Gregg (1947), Knorr (1959), and sev-
eral other zoologists have used it in more recent publications. Few botanists,
however, have ever made use of it. Gregg (1947) defended it, and Dauben-
mire (1938) was critical of it. Ramaley found it unsatisfactory for the Front
Range and published his own in 1907, and made several revisions from time
to time, the latest in 1927. Other early efforts at classification were made by
Robbins (1910) and Rydberg (1916). All of the foregoing classifications were
based on floristics. Classifications employing the ccological concepts of suc-
cession and climax were made by Whitfield (1933), Weaver and Clements
(1938), and finally by Daubenmire (1943). All of the classifications recognized
at least three major regions, but the names, diagnostic characters, and geo-
graphic limits of the regions differed.

None of the systems thus far published has been based on ecosystem units.
Consequently, I have developed the classification given in Table 1. It parallels
Weaver and Clements (1938) and Daubenmire (1943) closely, but is more
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TasLE 1., Regional Ecosystems on the East Slope of the Front Range

Ecosystems Altitudinal Ezi:é;gt %gpl;“eet on Broad

Grassland-Lower Montane Ecotone Region........... 5,600 to 6,000

Lower Montane Forest Climax Region................ 6,000 to 7,700

Lower Montane-Upper Montane Ecotone Region...... 7,700 to 8,000

Upper Montane Forest Climax Region................ 8,000 to 9,000

Upper Montane-Subalpine Eeotone Region............ 9,000 to 9,300

Subalpine Forest Climax Region...................... 9,300 to 11,000
Subalpine-Alpine Ecotone Region..................... 11,000 to 11,400

Alpine Tundra Climax Region........................ 11,400 to Mountain Tops

* Kcosystem boundaries ure not sharp; consequently, these figures are only approximations.

detailed, is specifically designed for this local area, and employs different
names for some units in order to achieve greater uniformity in terminology.

The different climax regions and their component stands are described in
the following sections. The ecotone regions are not included because they
have not been studied in detail.



V. THE CLIMAX REGIONS AND STANDS

The 4 climax regions are treated separately in the following sections. Each
section is divided into 2 parts, the first covering the regional features, and
the second giving details on certain components of the common stand-types.
The descriptive information is based largely on my own observations in the
field during the past 17 years, although much of it can also be found scattered
through earlier literature. Repetition of this basic information here is desirable
ir order that it be available in one publication and in the language of today’s
plant ecology. The environment data in the following sections were collected
in the 1951-1952 program described in the foregoing sections. The map in
Figure 1 gives the location of the climax regions and the stands that were
studied intensively.

A. THE LoweR MoNTANE Foresr CriMax REGION

1. REGIONAL CHARACTERISTICS

Geography and Geology: This ecosystem corresponds to that area which has
been called the ponderosa pine zone, the ponderosa pine climax, and the
{foothills zone. On the east slope of the Front Range, it lies between the grass-
land region below and the upper montane region above at elevations, roughly,
between 6,000 and 7,700 feet.

The lower montane is a region of rough mountains with deep, narrow val-
leys, narrow or broad-topped ridges, and slopes that vary from gentle to very
steep (Plate 1B). Major streams occupy deeply incised meanders. Flood-
plains are often missing; if present, they are usually narrow, the stream often
dropping rapidly in a boulder-strewn channel that may run beneath sheer
cliffs or steep talus slopes. These valleys may be as deep as 1,000 feet. Larger
streams carry water all year, but become mere trickles while water is being
taken off in irrigation ditches. Many small intermittent streams carry water
in the spring and early summer, but are dry in the fall and winter. The valleys
of thesc small streams begin as broad basins, but they become narrow as they
approach the Plains. Granites, granodiorites, schists, and gneisses of the bed-
rock are abundantly exposed in valley walls, cliffs; and rocky knobs on ridge
tops. In the latter sites boulders may be as large as 30 feet in diameter, and
they are usually rounded in the form common in this “montane” environ-
ment. The rocks of talus slopes are usually angular.

Sotls: The term sozl is used in this paper in the broadest possible sensc to
include all types of substrates, from rock surfaces to deep deposits of frag-
mental inorganic and/or organic material; these substrates may or may not

25
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TaBLE 2. Lower Monlane Soils Dala

Mechanical Analysis: Particle Size in mm.

Stand Depth, inches Soil Type ] Percentages of Fraction under 2

% over 2 —

2005 | 0050002 Below

A-1 0-6 Sandy loam 21 71 17 13
6-12 Sandy loam 16 66 16 18
A2 0-6 Sandy loam 25 77 13 9
6-12 Loamy sand 30 80 10 10
A-3 0-6 Sandy loam 19 73 16 11
6-12 Sandy loam 23 77 14 9
A4 0-6 Loamy sand 11 80 12 8
6-12 Sandy loam | 9 78 | 13 a

be differentiated into the horizons that characterize soils with maturc pro-
files. Soils are highly variable but are usually coarse texturcd and shallow
(Table 2). On ridges there is a gradation in soil from the abundant rocky
knobs outward, and from the top of a ridge down the slopes. Adjacent to out-
crops it is coarse and shallow; outward and down slope it becomes deeper and
finer. Micro-terraces, only 3 to 6 inches wide, arc produced by surface wash
between the tufts of plants. It is possible that solifluction and needle-ice dy-
namics and grazing animals contribute to the production and maintenance of
these terraces, especially on south-facing slopes. ‘

Soil profiles are poorly developed on ridge tops and upper slopes. The deep-
est soil and best-developed profiles occur where small tributary valleys enter
larger valleys. The parent material here has been transported by both water
and gravity (slow creep), possibly accelerated in glacial times by soliffuction.
Many profiles lack a conspicuous horizon of clay concentration (B horizon).
The soils are sandy loams or loamy sands (Table 2) and are related to the
grey-brown podzolic soils.

Soil water content is low most of the year, remaining close to the “wiliing
percentage” most of the fall and winter. Soil ice is rare, but it does occur at
the surface for short intervals during the winter.

Climate: Many factors of the lower montane regional environment were
measured at Station A-1 (see Appendix Table A). The climate is relatively
warm and dry. Summers are relatively long and hot compared to those of
higher regions. Summer precipitation, mostly in the form of mid-day thunder-
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storms, about equals that of the other regions but is less effective because of
higher temperature. The autumn is cool with occasional wet snowstorms; a
period of several weeks of dry, warm, calm “Indian Summer” weather is
common. The dryness of the fall usually continues into early winter. Winters
are generally cool, but are often just as cold as the other climax regions during
periods of very low temperature. Snowstorms do occur, sometimes lcaving
over a foot of snow. Snow may remain on the ground in patches on north-
facing slopes most of the winter, but it usually melts off south exposures
within a few hours or days after each storm. Winter winds are sometimes very
strong. In the spring there is an alternation of cool and warm intervals, and
wet snow or rain storms are common,

The wind is prevailingly from the west at all seasons. Strong winds are
always from the west; east winds are gentle and often supply considerable
precipitation; the coldest winds are from the north. The warm, dry chinook
wind from the west is common during the cold season.

Vegetation: Lumbering, fires, mining, and unsuccessful attempts at agri-
culture have disturbed this region so much that not a single acre has retained
its primeval character. Consequently, areas of uniform vegefation are small,
and stands of all ages, except maturity, are abundant. Johnson (1945) de-
scribes many effects of cultivation and grazing.

The lower montane vegetation consists of open forest of broad-crowned,
evergreen irecs frequently interrupted by grassy openings, and by extensive
dry grassland stands. Ponderosa pine and Douglasfir, the dominant trees,
are about 40 feet tall at maturity. Shrubs, herbs, and grasses are sparse under
the trces and do not cover the ground between trees and in the grasslands.
There are striking differences in the density of stands of different ages and
on different exposures. Young stands may be very dense, but they always
become more open as they mature. Mature stands on steep, north exposures
usually have an almost closed canopy, while those on south exposures may
be park-like in their openness.

A transect across a valley and around the east “‘end” of a ridge on a single
contour reveals the following general pattern of ecosystems:

Ridgetops and gently rolling uplands are usually well forested with pon-
derosa pine, but small grassy openings are common. A few Douglasfirs grow
with the pines, especially on the north half of the ridgetop. The forest be-
comes progressively more open down the south-facing slope of the valley.
Where the slope is gentle, trees and grasses form a park-land on mid-slopes,
and grasses become completely dominant on the lowermost slope where soil
is relatively fine textured and deep. Where the slope is very steep, forest con-
tinues down to the valley floor, because the character of the bedrock and/or
the angle of slope has prevented deep accumulation of finer soil. Rocky Moun-
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tain juniper (Juniperus virgintana L. var. scopulorum (Sarg.) Lemmon) is a
common associate of the pine on these south-facing slopes.

Valley-floor vegetation varies with the width of the valley. Narrow floors
support a dense mixture of lush grasses and herbs, low and tall shrubs (Saléz
irrorata Anders., Betula occidentalis Hook.), and any one or all of the local
trees (cottonwood, willow (Salix amygdalordes Anders.), ponderosa pine, and
Douglasfir). The familiar Colorado blue spruce (Picea pungens Engelm.)
often occurs along the streams in both this region and the upper montane.
Broad valley floors have deep soils and high water tables, and the plants be-
come segregated into zones. Dense, wet meadows of grasses, sedges, and
rushes (Juncus balticus Willd.) grow on the north side of the drainage channel
and often lap over onto the other side. Shrubs are abundant along the channel
and may form a continuous zone along the south side of the channel. Forest
begins on the south edge of the valley floor; any of the tree species mentioned
above may be present, and aspen occasionally grows with them.

North-facing slopes support a relatively dense forest of Douglasfir and
ponderosa pine; the relative abundance of the two species varies with the
angle of slope, Douglasfir increasing with inercase in the angle. A high per-
centage of ponderosa pine may indicate the presence of coarser soil as well
as a more gentle slope. Grassy openings are rare on north-facing slopes and
indicate unusual soil econditions where they do oceur.

The ridge tops in this area lose altitude toward the east. Around their
eastern ‘“‘ends”, there is a striking change in ecosystems along a single con-
tour. Rather dense forest of Douglasfir and ponderosa pine on the north-
facing slopes begins to thin out as the exposure becomes more easterly. Then
Douglasfir drops out. Open forest of ponderosa pine prevails on the south-
facing slope.

The foregoing review is based on the regional character of east-west trend-
ing ridges. Wherever ridge and valley deviate from that general orientation,
the vegetation pattern varies in the direction easily predicted from the re-
gional behavior of the species.

T'wo tree parasites, Black Hills’ beetle (Dendroctonus ponderosa Hook.)
and mistletoc (Arceuthobium vaginatum Willd.) have damaged and often
killed many popderosa pine trees in both the upper and lower montane.

2. THE MAJOR STAND-TYPES
a. Ponderosa Pine Stand Complex
(1) General Features

There are innumerable stands in the Front Range in which ponderosa pine
is the most conspicuous tree (Plate 2A). The ponderosa pine stands differ



ECOSYSTEMS 29

from oue another in the relative importance of associated species, in the de-
gree of dominance of the pine, in some environment features, and in their
history, especially the length of time since the last disturbance. It is apparent,
from relatively limited studies, that these stands represent more than one
stand-type, but we do not have enough data now to make a stand-type elas-
sification. Consequently, these stands are lumped under the heading “stand
complex”” for the present.

Young ponderosa pine stands on more mesic sites are very dense, but trees
die rapidly in the intense competition, so that stands over one hundred years
old arc quite open. On dry slopes, the stands of all ages are open, with a few
shrubs (Rtbes cereum Dougl.), a sparse ground cover of bunehgrasses (Hes-
perochloa kingic (Wats.) Rydb.), and a few herbs. In the typical old stand,
tree crowns generally do not meet, and trees average 40 feet tall with some
vigorous individuals reaching a height of 50 feet. The trees are often clumped
in groups of a few individuals separated by openings with a sparse cover of
herbs in a park-land type of landsecape.

All but a very few of the present-day ponderosa pine stands are stages of
secondary succession. The few climax stands that do occur are small and
occupy extreme sites. Therc are many relatively mature stands on moderate
sites, however, in which several characteristics of the potential climax are
evident, and additional climax characteristics can be deduced by projecting
current successional trends to their ultimate potential development. It is
therefore possible, after extensive field work, to predict the character of the
climax types with considerable accuracy; one can combine bits of information
from the many current stands and synthesize a reasonably accurate descrip-
tion of the potential climax stands,

The ponderosa pine climatic-climax stand-type occurs on gently rolling
surfaces with well-developed soil. It is an open stand with a few Ribes cereum
shrubs and a sparse cover of herbs that leave much bare ground exposed to
the atmosphere. A more open phase of this stand-type, with juniper fairly
common and Boufelowa gracilis (H.B.K.) Lag. conspicuous, forms a fopo-
graphic-climax stand-type on south-facing slopes.

(2) Detailed Study Stands

Stand A-1 is on the gently rolling crest of the ridge south of Bummer’s
Gulch (Figure 1). The ridge top is about 260 feet wide and lies at an cleva-
tion of about 7,000 feet. The stand resembles innumerable others of this type
along the foothills of the Rockies, I'rees grow both as isolated individuals
and in clumps; piles of rounded granite boulders occur here and there, and
patches of coarse, bare soil are common. The total area of tree trunks occupies
only 0.1 % of the 4,356 square feet area in 3 sample quadrats (Table 3). Trees



TaBLE 3. A-I Ponderosa Pine Stand Vegetation Data

Trers — Three 66" x 66 Quadrats

Juniperus
All Trees Pinus ponderosa Pseudotsuga virginiana var,
scopulorum
Basal Area
Av. sq.in./sq. ft....... 0.22
Percentage. . .......... 92 [ 2
Av. no. trees/quadrat. . . 49 “ 2 2
Meax. diam,, in... . ....... 15 15 10 4
Max. ht., ft.............. 30 30 30 18
Max. age, yrs............ 102 102 — —
Stumps
Av. no./quadrat....... 7 6 1 0
Diam. range, in........ 3-19 3-15 14-19 —
SuruBs — Six 12’ x 12’ Quadrats
Quadrat Number
Freq. %
1 2 3 4 5 6
Percentage of sarea cov-
ered by plants......... 0 0 2 5 0 1
Pinus ponderosa saplings. X 17
Arctostaphylos uva-ursi. . X 17
Ribes cereum............ X 17
Herss — Fifteen 3’ x 3’ Quadrats
Quadrat Number
Freq. %
1l2(314¢(s5i6]7]8|9o twlniizlz|14]1s
Percentage of area cov-
ered by plants......... 11200035 6}0]0/3] 40 15 10] 20| 20| —
Carex heliophila......... x| x x| x X | x x|x{x{x| 67
~CGeranium fremontii.... .. X x (x| x{x]|x| 40
Harbouria trachypleurs. . X X X x| x|x| 40
Potentilla fissa. ......... X X X|x|x| x| 40
Chrysopsis villosa. ...... X X x| x|x| 33
Antennaria parvifolia. ... X x| x: 20
Eriogonum umbellatum. . X b'e X 20
Gayophytum nuttallii. . . x x| x| 20

Note: Twenty-one other species present in the quadrats with a frequency of less than 20 pec cent are listed in
the species list in Appendix I.
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are of all sizes from small saplings to individuals over 100 years old and 30
feet tall. There are a few Douglasfirs and Rocky Mountain junipers in the
stand, mostly on the north side. Tree seedlings are predominantly ponderosa
pine; the Douglasfir seedlings present are all on the north edge of the stand.
One Ribes cereum and one Arctostaphylos wva-urst (L.) Spreng., covering 7
and 3 squarc feet, respectively, were found in 6 12-x-12-foot quadrats (Table
3). The total cover of herbs and the frequency of herb species are given in
Table 3. The presence of a given species in a given quadrat is indicated by
an “x” in this table and subsequent ones of vegetation data. Carex helio-
phila Mack., Gerantum fremontit Torr., Harbourta trachypleura (Gray) C. &
R., Polentilla fissa Nutt., and Chrysopsts villosa (Pursh) Nutt. are the dom-
inant herbs.

The A-1 external stand environment was measured at a station located in a
natural opening in the center of the stand. Several trees were cut to enlarge
the opening and decrease vegetation cffects on environment factors. The an-
nual environment summary for 1952-1953 is in Appendix I1. The texture of the
soil is revealed by mechanical analysis data given in Table 2.

The abundance of young trees, absence of mature trees, and presence of
many stumps that have greater diameters than any living trees indicate that
this is an unstable or successional stand. Tree ages reveal that the stand began
development after a period of lumbering about 90 years ago. The climax of the
sucecssion that is in progress on this site will be an open ponderosa pine stand.
This conclusion is based on 3 types of evidence: knowledge of the universal
process of succession, publications on the ecology of this type of site, and data
on stumps and other features of the eurrent stand collected for the present
study. The climax stand may be an edaphie, rather than a true climatie, elimax
because the nature of the soil parent material may prohibit development of a
sufficiently fine soil for a climatic climax.

Stand A-3 is a mosaice of different-sized patches of ponderosa pine and of
herbs. It lies on a south-facing slope (18 % slope) immediately south of Stand
A-1 and at approximately the same altitude. Several pines 43 feet tall, 18
inches in diameter, and about 100 years old, stand out conspicuously above an
abundance of younger trees. Stumps are rare, none being found inour quadrats.
Three Douglasfir secdlings and saplings have been found in the stand, but the
absence of Douglasfir stumps and regional ecology of the species indicate that
this species will never be prominent in this stand-type. A single plant of Rubus
deliciosus James was the only shrub found in 6 quadrats.

Bouteloua gracilis is the most distinctive plant in the herb synusia of Stand
A-3, because it is lacking in Stand A-1; all other herbs are common to both
stands. Quantitative data on the herbs are given in Table 4.



TABLE

- Ponderosa Pine Stand Vegetalion Data

TreEes — Three 66’ x 66’ Quadrats

Juniperus virginiana

All Trees Pinus ponderosa var. scopulorum

Basal Area

Av. 8q. in./sq. ft.. .. .. 0.19

Percentage. ........... 99 1
Av. no. trees/quadrat. ... 42 42 1
Max. diam., in........... 18 18 ?
Max, ht., ft.............. 43 43 20
Max. age, yrs............ 100 100 ?
Stumps................. none

SarUBs — Six 12’ x 12’ Quadrats
Quadrat Number
Freq. %
2 3 4 5 6

Percentage of area cov-

ered by shrubs........; 0 0 0 0 3 2
Pinus ponderosa saplings. X 17
Rubus deliciosus. . ...... X 17

Hegrss — Fifteen 3’ x 3’ Quadrats
Quadrat Number
Freq. %
1 314 6| 7| 8| of10|11|12/13]14]15

Percentage of area cov-

ered with herbs........ 25 214 1|28 70/ 15/ 18, 013 | 20| 50| 5
Bouteloua gracilis. ...... x X X | X x{x{x|{x| 53
Carex heliophila. . ....... X X|x X X x| x 53
Chrysopsis villosa. ...... X X X | x x|x|{x| 53
Artemisia ludoviciana....| x X | x X x| x| 40
Eriogonum umbellatum. . X X | x X x| 40
Scutellaria brittonii.....| x X X\ x x| x 40
Geranium fremontii. . ... x| x x 27
Artemisia frigida. ....... x X x| 20
Harbouria trachypleura.. x| x X 20
Lesquerella montana.. ... X X 20
Opuntia rafinesquei. .. ... X X X 20

Note: Twenty other species with a frequency of less than 20 per cent are given in the species list in Appen:

dix 1.
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The absence of recent fires and of strong wind at the ground level and the
dryness of the environment have permitted deep accumulation of needles under
the pines. Herbs are rare under the trees, but grow in bunches that often form
the bank part of microterraces only a few inches across in the openings be-
tween trees. The platform of each terrace has a gravel surface and is plant
free.

The A-3 environment-measurement station was located in a grassy clearing
enlarged by removal of a few trees. The annual environment summary for A-3
is in Appendix II; soil data arc in Table 2. Since Stands A-3 and A-1 have
similar vegetation but are on different topographic situations, it is interesting
to compare the factors measured in the two stands. Table 5 summarizes these
factors and reveals that they are quite similar. The only conspicucus differ-
ences were that soil temperatures averaged about 5° higher at A-3, there was
about 50 % more wind at A-1 than at A-3, and soil depth was definitely greater
in A-3. These differences, and perhaps others not measured, resulted in a total
cnvironment slightly less mesic at A-3 than at A-1.

The status of Stand A-3 and the explanation of the origin of its characteris-
tics are an interesting ecological story, because several of its features appear at
first observation to be incongruous. The presence of many large and older trees
suggests a relatively stable unit long free from disturbance. The abundance of
young trees suggests an unstable unit that experienced disturbance not long
ago, but a careful scarch fails to reveal the usual signs of disturbance, such as
fire scars or stumps left by lumbering. The presence of this same combination
of puzzling features in many stands in Boulder County makes the search for an
explanation of Stand A-3 especially interesting. A study in eastern Washington
{Rummell, 1951), evidence gleaned from Vestal’s 1917 paper, and my own
observations and review of the region’s history lead to the following interpre-
tation:

A very open ponderosa pine-grass stand, perhaps a true park-land type, oc-
cupied this site about 100 years ago. Tree seedlings were unsuceessful in compe-
tition with the herbs, and consequently tree density was kept relatively low.
Grazing by the cattle of early settlers weakened and/or partially destroyed
the herb ground cover. Tree seedlings, no longer encountering severe competi-
tion, developed in abundance in years when there was a coincidence of a good
seed crop and favorable spring—summer weather, but cattle destroyed or dam-
aged many of the scedlings and few achieved the dimeusions of trees. At a still
later date, grazing pressure was reduced, seasonally if not annually, and a large
number of seedlings grew into saplings which subsequently formed the current
dense patches of younger trecs.

It is possible that repeated fires rather than competition inhibited tree repro-
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TasLE 5. Comparison of Four Stands in the Lower Montane Climaz Region

Stands

A-3 Ponderosa
Pine

A-1 Ponderosa
ne

A-2 Douglasfir-
Pondcrosa Pine

A-4 Valley
Floor Stands®

Altitude, ft................ ...,
Exposure........c.ooiiiiiiiaaa

Yearly Features of Environment
Factors:

Air temperature, degrees F.
Maximum . ....-cooiieeiiienan.
Mean MaxX........c.ocvvennnn..
Minimum..........cooiiiiinenn

Longest freeze-free period, days. .
Soil temperature, degrees F.
6-inch depth:
Maximum. ...l

Wind, total miles................
Velocity, mph...................
Precipitation, in.................
Maximum snow depth, in. (with
min. of drifting)........ PR
Soil moisture, % dry wt.
5-7" depth, mean..............
11-13” depth, mean............
Mean relative humidity..........

7,200

S-facing

97
61
-2
35
48
139

59
29

52

51
37,649

7,200

Ridge top

96
59
-3
35
A7
137

53
25
41
47

46
57,608

7,200

N-facing

94
57
—4
34
45
136

79
48
23
39
43

43
39,930
5

20

12
6

6
59

7,500

Valley Floor

87
—18
25
39
89
73

20
39

27,678

18

69

* This site was 300 feet higher and 2 miles closer to the Divide than the other three “A’" sites.

duction in this site in pre-settlement days (Cooper, 1960). The low produe-
tivity of herbage and the absence of fire scars on the older trees, however, lead
me to think that competition was the probable control.
The present stand is definitely a suceessional unit. It will undergo conspicu-
ous changes in the density of the different species although the species composi-
tion will change little or not at all. The stable ecosystem on this site will be an
open park-land stand of ponderosa pine and herbs, a topographic elimax.
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b. Douglasfir-Ponderosa Pine Stand Complex

Another complex of stands that must be studied in greater detail before in-
dividual stand-types can be identified is that of Douglasfir-ponderosa pine.
The stands are characterized by a dominance of Douglasfir over ponderosa pine
and a greater density of trees than in other lower montane stands. Tree crowns
generally touch, but rarely overlap. Several shrubs and herbs are common, but
they never produce a continuous synusia.

Stand A-2 was studied in detail. It lies 200 yards west of A-1 on the north-
facing slope of the Bummer’s Gulch Ridge about 100 feet vertically below the
crest of the ridge. The stand area has a general slope of approximately 18 %.
It is a conglomeration of sub-stands produced by small-seale disturbances and
variations in soil parent material and angle of slope. A few trees of both species
are over 80 years old. Young trees form thickets difficult to walk through, in
which Douglasfir seedlings are abundant. Most openings in the tree synusia
originated from cutting and are now well stocked with tree seedlings and
saplings. Small aspen trees are common on the lower slope. Table 6 gives quan-
titative data on plants.

The A-2 environment-measurement station was located in the upper part
of the stand in a clearing produced by the outcropping of a rock type on which
little soil has developed. An annual summary of environment is in Appendix
II; Table 2 gives data on soil.

Stands A-2 and A-3 are about 200 yards apart at approximately the same
altitude on the north- and south-facing slopes of one ridge and therefore illus-
trate difference in stands resulting from variation in topography. Table 5 com-
pares some features of the stands. A-2 was cooler than A-3; although there was
a difference of only 2 few degrees in air temperature, soil-temperature differ-
ences ranged from 5° to 11°, depending on which feature of the factor is under
comparison. A-2 had a deeper snow cover from February to April. Soil mois-
ture was about the same during the growing season but higher at A-3 during
the winter. There was no conspicuous difference between the two stands in the
other factors measured.

This stand is successional. Many of its features, such as the abundance of
pine and Douglasfir saplings and shrubs and the presence of aspen, are products
of the lumbcring that left the many stumps listed in Table 6. These features
will be changed or eliminated from the stand through processes of ecosystem
change if disturbance is not repeated. As time passes, Douglasfir will become
progressively more dominant, and many of the shrubs and most or all of the
aspen will be killed by shading and/or competition for water. This will open up
the shrub synusia, because seeds of those species do not germinate readily un-
der as dense a tree cover as the Douglasfir ean maintain on this type of site.



TABLE 6. A-2 Douglasfir-Ponderosa Pine Stand Vegelation Data
TreEs — Three 66/ x 66’ Quadrats

All Trees Pinus ponderosa Pseudotsuga trf:'t?.l‘llgil(slcs

Basal Area

Av. s8q. in./aq. ft....... 0.53

Percentage. . .......... 38 61 1
Av. no. trees/quadrat. .. 75 24 51 1
Max. diam., 1n........... 20 20 19 4
Max. ht., ft.............. 40 36 40 24
Max. age, yIe............ 91 69 91 ?
Stumps.... ... unknown

Av. no./quadrat . ...... 8 0.3 6 1

Diam. range, in........ 6-15 6 9-15 6-11

Suruss — Ten 12/ x 12/ Quadrats
Quadrat Number
Freq. %
1 213 |a|s |6l v |8g |9t

Percentage of area cov-

ered with plants....... 4 | 7|37 14123|7}516]5
Douglasfir saplings. . ....| x | x | x X | xt x| x| x 80
Ponderosa pine saplings..| x X 20
Populus tremuloides

(suckers). ....... ...... x 10
Juniperus virginiana wvar.

scopulorum saplings. . . X 10
Juniperus communis. .. .. X | x| x x| x| x X 70
Physocarpus monogynus . X x 30
Berberis repens. ....... .. X | x| x 30
Jamegia americana . . . ... X X 20
Ribes cereum............ X X 20
Rosa acicularig.......... X | x X
Rubus deliciosus. . ...... X 10
Amelanchier alnifolia. . .. X 10
Arctostaphylosuva-ursi. . X 10

Hzerss — Fifteen 3’ x 3’ Quadrats
Quadrat Number
Freq. %
t|2)3{als]6|7|[8)j9|to]1r|12|13]14]15

Percentage of area cov-

ered with plants....... 0|17/5(3|1(3|4|4{5|0[170(2]5][20
Potentilla fissa. ......... x| x X| x X X X[ x 53
Penstemon virens........ X x b x x| x|{x| 47
Antennaria parvifolia. . .. x| x x X x| x| 40
Sedum lanceclatum. .. ... x X x X x| x| 40
Solidago glutinosa. ... ... X X X X xix| 40
Carex geyeri............ X| x| x X X 33
Harbourisa trachypleura.. X X X X 27
Saxifraga bronchialis. ... b3 X X X x 27
Anemone patens. ........ X X X 20
Lichens and mosses...... X X X X x xi x|x| 53

Note: T'wenty other apecies with frequencies of less than 20 per cent are given in the species list in the Appen-
dix I,

36
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The herb synusia will also thin out as the stand develops toward stability.
Ponderosa pine will become less abundant, because its secedlings are not sue-
cessful on deep litter nor in shade; but it will not disappear entirely, beeause
rocky micro-sites and wind-throw of trees will provide favorable habitats in
which pinc seedlings may develop. The stable ecosystem of this site is a
Douglasfir topographic-elimax stand. As no example of this type survived ex-
ploitation to the present day, we cannot know the details of its characteristies.
The number of stumps (apparently none of the maximum size possible in this
site) and basic ecological reasoning suggest that the climax will be so dense
that tree ecrown will occupy about half of the space in the crown layer.

c¢. Douglasfir Stand-Type

The Douglasfir stand-type occurs on north-facing slopes somewhat steeper
and therefore more mesic, owing to lower solar radiation, than site A-2. Trees
in young stands grow so close together that their pyramid-shaped crowns often
touch; older stands are more open. All present-day stands are successional. It
is not possible to determine, as yct, the character of the potential climax on
these sites; it may be almost pure Douglasfir.

d. Grassland Complex

Bunch-grass stands of one acre to many acres in extent are frequent in the
lower montane, especially on ridge tops and gentle, south-facing slopes (Plate
2A). Ramaley (1916, 1916a, and 1919) describes grass-dominated stands in all
the east-slope regions. Some of them appear to be related to deep soil where
herbs out-compete trees. Others are obviously products of clearing and cultiva-
tion. There are probably several stand-types in this complex; some are clearly
successional to open ponderosa pine-grass elimaxes; it is possible that others
are successional to true grass climaxes. The external stand environment of these
types is comparable to that of Stands A-1 and A-3 described above.

e. Valley-Floor Stand-Types

Scveral types of valley-floor stands are conspicuous to mountain travelers,
because they lie close to roads; but they actually make up a minor part of the
landscape. Local topographic characteristics prevented us from selecting a
valley study area at the same altitude as that of the other lower montane
stands. The most appropriate area turned out to be the relatively broad valley
of North Boulder Creek at Switzerland Park, 7,500 feet in clevation (Fig. 1).
The area had becn altered so much by grazing and other disturbances that
quadrat studies were omitted. A species list of the area’s plants has been pre-
pared and is given in Appendix I.



38 UNIVERSITY OF COLORADO STUDIES

The environment data from Station A-4 are given in Appendix II. Data
from this station are particularly valuable, because the station is almost
straight down-slope from Stations B-1 and B-3 and therefore provides a means
of studying the effects of topography and altitude on other environment fac-
tors. Detailed analyses of these data are being carried out under another pro-
gram and are not appropriate for the present paper. Comparisons with the
other lower montane stations (Table 5) are desirable at this point, however.
It is necessary to keep in mind the fact that A-4 was at an elevation about 300
feet higher than the other “A” stations and that its soil was more sandy.

A-4 was distinetly colder than the other stations, in part, at least, because
it was often chilled by nocturnal “cold-air drainage’’. The valley-floor site re-
ceives a flow of colder and therefore more dense air from surrounding slopes
and from farther up the valley. Winds are relatively low, only half as much as
at A-1, and this condition permits the cold air to accumulate. The temperature
on a given night was as much as 26° colder at A-4 than at other stations.
Furthermore, the summer period of days without freezing temperatures was
only 89 at A-4 and over 139 at A-1, being shortened by the cold-air drainage
at A-4. Average relative humidity was higher at A-4 than at other stations,
probably as a result of the lower night temperatures.

The following stand-types are common in valley-floor sites:

Cottonwood Stand-Type: Groves of cottonwood trees, largely Populus angus-
{ifolia, grow on river floodplains, forming narrow and discontinuous bands
along valley floors. Colorado blue spruce, Douglasfir, ponderosa pine, and
Rocky Mountain juniper may be mixed with the cottonwood. Tall shrubs of
alder (Anus fenuifolia Nutt.), willow, birch, and chokecherry (Prunus vir-
giniana L.}, form a dense undergrowth in undisturbed stands.

Weillow-Alder Stand-Type: Banks of streams, seepage areas, and other sites
with high water tables usually support shrub thickets of willow or alder or a
mixture of the two species. In open sites, they are only a few feet tall, but in
shaded areas they may be up to 10 feet tall.

Wet Montane Meadow Stand-Type: In this stand turf-forming grasses and
sedges form a solid plant cover. It is found in shallow valleys where the water
table is near the surface and streams are intermittent, if present at all.

Western River Birch Stand-Type: Western river birch (Betula occidentalis
Hook.), is common in the mixed shrub-tree stands of stream-sides in the upper
part of the lower montane. Distinct birch stands, lacking trees but mcludmg
several other shrubs, occur in some valley sites.

All of the present-day stands of the foregoing types are either successional
or biotic-climax stands. In the absence of disturbance, they would change to
climaxes controlled by deep soil and higher water table. It is not possible to-
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day to get much of an idea about the character of these potential climaxes,
because the history of disturbance has been long and varied. Most of the cur-
rent species would probably be represented in the elimaxes, but their relative
importance would be different. Young’s 1907 paper describes several of these
units in relatively early stages of alteration.

B. Tue Urper MonTANE ForesT CriMax REGION

1. REGIONAL CHARACTERISTICS

Geography and Geology: The upper montane region has been called the
Douglasfir zone, the Douglasfir climax, and the montane zone. It lies between
the lower montane and the subalpine regions, with altitudinal limits of ap-
proximately 8,000 and 9,000 feet. As their names imply, the lower montane
and upper montane regions are more closcly related than most pairs of adja-
cent regions. They differ very little in many characteristics, but some features,
such as the role of Douglasfir, are distinctive and require that the two regions
be kept separate. The upper montane occupies the Rocky Mountain surface of
comparatively broad interstream arcas and relatively gentle increase in re-
gional altitude from east to west. Many ridges, however, are narrow-topped
and have steep slopes, generally steeper when north-facing than when south-
facing. Valleys in the upper altitudes are broad as a result of glaciation, but
they often become very narrow at lower altitudes. Glacial moraines oceur in
some of the wider valleys. Small lakes and ponds are common.

The country rock of granites, granodiorites, schists, and gneisses is abun-
dantly exposed in rocky knobs, cliffs, and talus slopes. Boulders weathering in
place on ridge tops usually have the rounded form typical of the entire montane
environment. Talus-slope boulders and outcrops of resistant dikes are angular.
Deposits that may be ancient glacial till occur in a few sites, and the larger
valleys have more recent glacial and glacial-fluvial deposits in the form of
subdued moraines and terraces on their floors. River floodplains are generally
wider in this region than in the lower montane.

Soils: Soils (Table 7) are similar to those of the lower montane described
above.

Climate: The climate is also similar to that of the lower montane, being
cooler and more humid, but otherwise little different in the factors we meas-
ured. Quantitative data on the climax-region environment are given in Ap-
pendix I on the B-1 Douglasfir-ponderosa pine stand.

Vegetation: The upper montane vegetation consists of open or dense forest
of Douglasfir and/or ponderosa pine, often interrupted by dense stands of
slender lodgepole pine and groves of aspen trees. It resembles the lower mon-
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TasLE 7. Upper Montane Soils Dala

Mechanical Analysis: Particle Size in mm.
Stand Depth, inches Soil Type Percentages of Fraction under 2
% over 2
2005 |0.05-0.002| Below
B-1 0-6 Sandy loam 23 73 16 12
6-12 Sandy loam 32 72 16 13
B2 0-6 Sandy loam 34 68 21 11
6-12 Sandy loam 30 69 23 9
B-3 0-6 Loamy sand 20 79 14 8
6-12 Sandy loam 23 77 14 9
B4 0-6 Sandy loam 6 75 17 9
6-12 Sandy loam 7 77 4 9

tane vegetation, but differs from it in a greater over-all density of forest,
greater abundance of Douglasfir on south-facing slopes, and the presence of
lodgepole pine stands and aspen stands on upland sites. Mature trees average
45 feet in height.

Ridge tops and gently rolling uplands with deep soil support forest of mixed
Douglasfir and ponderosa pine. (In the most favorable tree habitats, the
former would exclude the latter entirely if left undisturbed for several hundred
years.) The same forest type, except for being a bit more open, extends down
the upper part of south-facing slopes. If the slope remains gentle and soils are
deep, Douglasfir becomes inconspicuous or even disappears. Where the slope
issteep and the soil rocky, Douglasfir accompanies the pine to the valley floor.
Dry grassland stands aro common on habitats of fine, deep soil that are fre-
quent on the lower part of the south-facing slopes.

Valley floors are similar to those in the lower montane. On narrow floors,
dense shrub or forest stands crowd the river banks. Aspen and Colorado blue
spruce, Engelmann spruce, subalpine fir, and lodgepole pine may grow with
the more common cottonwood and upland dominants on the floodplains.
Broad valley floors oriented east-west, have wet meadows along their north
side and dense shrubs along the drainage lines. A shrub zone may extend
southward from the drainage channcl until it mects the dense forest zone on
the southernmost side of the floor. There i3 a tendency for zonation in the dis-
tribution of the different tree specics, with aspen next to the shrubs, and spruce
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and fir in the next zone. Lodgepole pine may be mixed with the spruce and
fir and also in the next zone with the upland trees.

North-facing slopes are dominated by Douglasfir wherever conditions are
moderate. Ponderosa pine is rare but always is present in these stands, and it
is abundant, sometimes dominant, in young stands and on unusually coarse
or shallow soil. Open stands of ponderosa pine form topoedaphic climaxes on
south-facing slopes.

Three forest stand-types that do not oceur in the lower montane have a
strong influence on the gencral appearance of the upper montane. Limber pine
groves oceur on special sites where wind is exeessive and/or soil is unusually
coarse. Some of them are sucecessional, but others are topographic or topo-
edaphie climaxes. Two types of successional stands, one dominated by aspen
and the other by lodgepole pine, occur whenever an area has been disturbed
by cultivation, lumbering, or fire in the last few hundred years. These stands
may be extensive, even to the total absence of the climax species, but they al-
ways bear some characteristics that tie them to a climax stand-type. Details
of these alterations of stands and subsequent trends in succession have been
investigated by several authors. Johnson studied these processes in the pon-
derosa pine type (1945). The role of fire was deseribed by Clements in 1910
and by Sperry in 1936,

Herb-dominated stands frequently interrupt the prevailing forest cover of
the upper montane. Nutural herb stands are most common around the shallow
lakes and ponds that occupy variable, but usually gentle-sloped, depressions of
the Rocky Mountain surface. Several types of stands form zones around the
open water, and similar stands occur in depressions that have a higher water
table but no open water. Another type of herb stand exists where the trees
have been removed to encourage grasses for grazing. I have not yet studied
any of these herb stands in detail.

2. THE MAJOR STAND-TYPES
a. Douglasfir-Ponderosa Pine Complex

(1) General Features

This complex was described in the section above on the lower montane,
where it is a topographic climax; here in the more mesic upper montane, it is
the potential climatic-climax type on gently rolling uplands with deep, ma-
ture soil (Plate 2B). All of the current stands are successional, due to the brevity
of time since the last disturbance. It is probable that this complex is not identi-
cal in the upper and lower montane regions, but there is not enough informa-
tion available to make a separation.
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A more open stand of this complex is common on south-facing slopes, where
it is a topographic climax. A more dense type that often contains an abundance
of aspen or limber pine and in which all trees are relatively young is common
on north-facing slopes. These are successional ecosystems that, if left undis-
turbed, will develop into a Douglasfir topographic climax, in which all of the
other species may be present but unimportant.

{(2) Detazled Study Stands

Two stands of this complex were studied in detail. Stand B-1 is on the crest
of a hill just west of Sugarloaf Mountain (Fig. 1). This site is somewhat extreme
in exposure to wind and in soil texture, but was the best climatic-climax site
available at the intermediate altitude. The hill top is relatively flat for a dis-
tance of about 530 feet. A low ridge a few feet high cuts across the stand. Large
ponderosa pines and Douglasfirs are scattered individually, and in small
clumps, through the stand. Tree trunks occupy less than 0.14 % of the total
area of the stand. The largest Douglasfirs are 30 inches in diameter, but they
are tipped leeward by strong winds and are only 40 feet tall. These trees are
over 350 years old. Closed patches of herbs and the creeping shrub Arcto-
staphylos wwa-ursi alternate with patches of almost bare soil. There is no evi-
dence of fire. Table 8 gives quantitative data on the plants.

This stand was selected for study because it came closest to the requirements
of the project design; it was on a ridge-top at an intermediate altitude in the
range of the upper montane and was comparable to the study sites in the other
three regions. The vegetation and soil parent material are not, unfortunately,
average for this stand-type. The parent material, soil, and lumbering vary
enough to affect vegetation conspicuously. The result is a mosaic of “patches”,
each with its own peculiar combination of ecosystem components. Where
trees were cut or blown over many years ago, there is an abundance of repro-
duction. Where the soil is shallow or very coarse, ponderosa pine is relatively
abundant. Patches of deeper soil have an abundance of herbs and Arcto-
staphylos.

Comparison of B-1 and A-1 vegetation reveals that Douglasfir makes up a
higher percentage of the tree basal area in the former stand. There are more
shrubs in B-1, but this is not significant — the same species occur in both
regions, varying in abundance largely as a result of disturbance factors. Four
species of herbs with a frequency above 20% are common to both stands, 4
of A-1’s are lacking in B-1 and 6 of B-1’s are lacking in A-1. The patch of
limber pine in one segment of B-1 stand results from disturbance. This species
is successional in this site (horizontal ground surface) although it is climax on
surfaces tipped into strong wind (see below).



TasLe 8. B-1 Douglasfir-Ponderosa Pine Stand Vegetation Data

TreEs — Four 66’ x 66’ Quadrats

All Trees Pinus ponderosa Pseudotsuga Pinus flexilis
Basal Area
Av. sq. in./sq. ft.. ... 0.19
Percentage........... 26 68 5
Av. no. trees/quadrat. . ?
Max, diam., in......... 30 12 30 ?
Max. ht., ft............ 35 35 35 30
Max, age, yra.......... 3004 122 300+ ?
Stumps................ None in quadrats but several in stand.
Suruss — Eight 127 x 12’ Quadrats
Quadrat Number
Freq. %
1 2 3 4 5 6 7 8
Cover.................. 1] 25 38 0 1] 8 3 1
Psecudotsuga menziesii
saplings.............. X 13
Juniperus virginiana
var, scopulorum. .. ... X 13
Juniperus communis. ... X 13
Arctostaphylos uva-ursi X X 25
Ribes cereum. . ........ X 13
Rubus deliciosus. ... ... b 13
Ceanothus fendleri. . ... X 13
HEerps — Sixteen 3’ x 3’ Quadrats
Quadrat Number ®
=
12|3|a|s| 6|7 89|10t |12]|13[ta]|15)26] *
Percentage of area cov-
ered with plants. .. .. 200222501 (2(3([15/1]|2)18 302702
Carex heliophila. ... ... x| x| x|x X x| x 45
Hesperochloa kingii. ...| x| x| x| x X X x| 45
Penstemon virens. .. ... X|x|xjx X X X 45
Potentilla fissa.. ... ... x{x| x| x x| x 38
Achillea lanulosa....... X X[ x X x 31
Artemisia ludoviciana .| x X X XX 31
Harbouria trachypleura| x | x X x| x 31
Lithospermum incisum.| x | x X X | x 31
Geranium fremontii. . .. x| X X X 25
Sedum lanceolaturn. .. .| x | x X X 25

Note: Twenty other species with a frequency of less than 20 per cent are given in the species list in Appen-

dix I,
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An annual summary of the external stand environment data collected at a
station in an open area near the center of the stand is in Appendix IT; Table 7
gives data on soil. The maximum temperature of 72° F at 6 inches was lower
than the same feature at the two slope stations where the readings were 82° F
and 81° F (Table 11). We suspected that the B-1 reading was erroneous but
have found similar apparent irregularities throughout 8 years of observations
and conclude, therefore, that the measurement was accurate but that there is
some peculiarity in the microsite of the instrument.

Comparison of B-1 and A-1 (Table 9), the climatic-climax stand sites of the
two montane regions, shows that there is not much difference in some of their
environment factors, a fact that one is led to suspect by the similarity of the
vegetation of the two regions. Air temperatures were about 5° lower at B-1,
soil temperatures 3° to 8° lower at B-1, and the summer period free from freez-
ing temperature was over 30 % longer at A-1. Relative humidity was somewhat
higher at B-1, probably as a result of the lower temperature. Precipitation
and wind differed little between the two stands.

The current stand is successional, due to disturbances. Stump analysis
showed that the stand that oceupied this site before the lumbering had about
equal numbers of the two dominant trees with individuals up to 24 inches in
diameter. Reproduction today indicates that ecosystem change is tending to
reestablish the same type of unit. The potential climax stand will be broken
into many patches by the diversity of the parent material.

Stand B-2 is on a 13 % slope north of and about 100 feet below Stand B-1.
Aspen, Douglasfir, ponderosa pine, and a few limber pines grow so close to-
gether in some patches that one can just barely walk between them, although
more open patches and corridors do occur here and there. Aspen average 18
feet tall, and some of the gymnosperms are a bif taller. The aspen rarely
achieve over 4 inches in diameter before dying under the intense competition,
but they “sucker out’ freely and are therefore more numerous than the other
species in parts of the stand. As the gymnosperms become more dense the aspen
will be reduced to a few straggling individuals. There are many stumps, pre-
dominantly Douglasfir, but no evidence of fire.

Quantitative data on the vegetation are given in Table 10. Ponderosa pine
is less abundant than in the other B stands, and aspen and lodgepole pine
make their first appearance here, the former in abundance. General regional
observations have shown that these two successional species are rarely abun-
dant at any altitude lower than the 8,500 feet of this stand; even at this alti-
tude they are not common on topographic sites other than north-facing slopes.

The low shrubs Juniperus communis L. and Arctostaphylos wva-ursi have
high frequencies and cover much of the ground surface. Several new herbs oc-
cur in this stand, but none is abundant.
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TasLE 9. Comparison of Four Climaxz Regions
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(Enviropment factors measured in one climatic-climax site in each region)

Lower Montane | Upper Montane Subalpine Alpine
Climatic-Climax Stand-Type...[ Ponderosa | Douglasfir- | Engelmann | Kobresia
Pine Ponderosa] Spruce- Meadow
Forest Pine Subalpine Tundra
Forest Fir Forest
Altitude, ft..................... 7,200 8,500 10,000 12,300
Yearly Features of Environment
Factors:
Air temperatuse, degrees ¥.
Maximum. ........covvnnnn... 96 89 75 62
Mean Max..............co.... 59 54 44 32
Minimum.............c.oo... -3 -7 —~14 —18
Mean Min.. .................. 35 30 24 19
Mean........cooviiimaaeannn.. 47 42 34 25
Longest freeze-free period, days. 137+ 100 87 45
Soil temperature, degrees F.
6 inch depth
Maximum . ...... e 80 72 72 53
Mean Max.................. 53 47 46 33
Minimum................... 25 21 18 6
Mean Min.. ................ 41 39 34 26
Mean.........ooviven.. 47 43 40 29
12 inech depth
Mean............ooovn., 4% 43 40 29
Wind, total miles............... 57,700 61,600 91,300 160,000
Velocity, mph.................. 7 7 10 18
Precipitation, in................ 20 21 26 26
Maximum snow depth, in. (with
min. of drifting)............ 12 11 60 all drifted
Soil moisture, % dry wt.
5-7” depth, mean............. 7 7 10 32
11-13” depth, mean........... 8 7 11 16
Mean relative humidity...... ... 53 60 62 70

Environment data were collected in a clearing made in a patch of aspen
that were rather dwarfed and lacked vigor. The annual environment summary
is in Appendix I1; Table 7 gives data on soil. This stand was cooler by 2° or 3°
than the south slope Stand B-3 (Table 11). Soil-temperature maximums were
similar, but B-2 was 5° to 7° cooler in other features of soil tempcrature. B-3
had a frecze-free interval over 40 % longer than that of B-2. B-2 had a deeper
snow cover, and it remained for a longer period.



TasrLe 10. B-2 Douglasfir-Ponderose Pine Stand Vegelation Data

TREES — Six 66’ x 66’ Quadrata

Bi P . .
All Trees mnél;::sa Pseudotsuga tre;l:xll‘t!.:ilses gel:lll:s cg:ll?ol:'sta

Basal Area

Av. 8q. in./sq. ft.. ... 0.26

Percentage........... 21 57 12 7 1
Av. no. trees/quadrat. . 115 12 30 71 2 0.5
Max, diam., in.. ... .... 19 19 18 4 17 6
Max. ht., ft............ 38 35 38 22 24 ?
Max. age, yIS.. ........ 248 248 197 42 219 42
Stumps................ unknown

Av. no./quadrat...... 20 8 10 2

Diam. range, in......| 2-21 3-21 2-21 ?

Sarurs — Eight 127 x 12/ Quadrats

Quadrat Number
Freq. %
1 2 3 4 5 I3 1 8
Percentage of area cov-
ered with shrubs. . ... 11 7 62 10 55 22 12 58
Populus  tremuloides
saplings......... ..... b X X X X X x X 100
Pseudotsuga menziesii
saplings.............. X X X X X x 75
Pinus flexilis saplings. . : X 13
Arctostaphylos uva-ursi| x X X X X X 75
Juniperus communis....] x x X X X 63
Rosa acicularis......... X X X 37
Heres — Sixteen 3’ x 3’ Quadrats
Quadrat Number 2
o
123 e|s|6|7|s|ofwin]|r]siuls|s| 2
Percentage of area cov-
ered by herbs........ 625 12/3(9(2|2|2{3[8/1|5([205;1]|1
Lupinus argenteus. .... X/ x| x X|x 38
Astragalus striatus. ... . X X| x X x 31
Carex geyeri........... X X|x|x|x 31
Penstemon virens...... X|x|x x| x 31
Frasera speciosa. . ..... X X X x| x}31
Grassspp.............. X| x| x| X X 31
Achillea lanulosa..... .. x| X X|x 25
Penstemon indet.. . .. .. x| x X x 25
Mosses & lichens....... X

Note: Thirty other species with a frequency of lesa thau 20 per cent are given in the apecies list in Ap-
pendix I.
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Tasre 11. Comparison of Four Stands in the Upper Montane Climaz Region

Stands
B-3 Ponderosa { B-1 Douglasfir- | B-2 Douglasfir- B-4 Valley
Pine-Douglasfir |Ponderosa Pine | Ponderosa Pine Stands*
Altitude, ft...................... 8,500 8,500 8,500 8,200
EXposure. .. ..ot S-facing | Ridge top | N-facing | Valley floor
Yearly Features of Environment
Factors:
Air temperature, degrees F.
Maximum. .................... 89 89 87 84
MeanMax..................... 54 54 51 52
Minimum.............. ... —5 -7 -7 —20
Mean Min.. ................... 33 30 30 25
Mean..................ovunn. 43 42 41 38
Longest freeze-free period, days. . 134 100 103 75
Soil temperature, degrees F.
6 inch depth
Maximum. .................. 82 72 81 71
Mean Max.............c..... 56 47 47 51
Minimum.................... 25 21 20 18
Mean Min.. ................. 41 39 36 38
Mean........................ 49 43 42 45
12 inch depth
Mean...................co... 48 43 41 44
Wind, total miles. ............... 45,496 61,580 46,152 70,442
Velocity, mph................... 5 7 5 8
Precipitation, in......... e 20 21 20 17
Maximum snow depth, in. (with
minimum of drifting)........ 9 11 18 11
Soil moisture, % dry wt.
57", mean. ................... 8 7 8 5
11-13”, mean . ................. 8 7 8 5
Mean relative humidity.......... 55 60 62 60

* This site was 300 feet lower and 3 miles eloser to the Divide than the other three “B” sites.

B-2 is a complex successional stand. Stumps, seedlings, and saplings are
largely Douglasfir and ponderosa pine. These features indicate that this is a
Douglasfir-ponderosa pine site and that suceessional processes will re-establish
that type of topoedaphic-climax stand if disturbance is not repeated.

b. Ponderosa Pine-Douglasfir Stand-Type

Stand B-3 is on the south-facing slope immediately south of B-1. The
stand has a slope of 18%. Boulders and rock outcrops are abundant, and
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loose cobbles and pebbles cover much of the ground. The soil is coarse and
lacks a humus or e¢ven plant-debris cover except in protected spots. Surface
erosion maintains micro-terraces similar to those described in Stand A-3. The
tree stratum is an open growth of Douglasfir and ponderosa pine. The largest
individuals are 28 inches in diameter and 59 feet tall. Rocky Mountain juniper
is scattered throughout the stand, with individuals up to 15 feet tall. There are
several limber pines in the stand. Herbs and tree scedlings are abundant,
covering ahout 15 % of the ground surface. Shrubs and saplings cover about
4% of the area and are concentrated around boulders and rock outcrops.
There is no evidence of any important disturbances of the trec stratum for
over 100 years.

Table 12 gives quantitative data on the vegetation. Ponderosa pine com-
prises a larger pereentage of the tree basal area of the stand than docs Douglas-
fir. The variability of tree distribution in this type of stand, even in the ab-
sence of disturbance, is evident in the wide range of total tree basal area
between quadrats, 500 to 1,200 square inches. The abundance of Artemisia
frigida Willd. suggests that the stand has been heavily grazed (Johnson, 1945).

External stand environment data for Station B-3 are given in Appendix
IT; soil data are in Table 7. Several of B-3’s environment-factors achieved
magnitudes comparable to those of B-1 (Table 11), but B-3 had higher soil
temperatures and slightly less wind. Air temperatures were similar most of
the year, but B-1 did have frcezing temperature (only 29°) in September
while the air at B-3 stayed above the freezing point. This difference resulted
in & distinetly longer freeze-free season at B-3.

This stand is relatively stable. Seedlings and saplings indicate that the tree
species will maintain their current proportions in the future, and there is no
evidence of any significant change in the other plant components. This is,
therefore, a topoedaphic climax, probably the most stable unit in our research
area,

¢. Douglasfir Stand-Type

In the more mesic sites of the upper montane, such as a steep north-facing
slope with deep soil, the climax is probably an almost pure stand of Douglas-
fir. This type probably contained the finest timber in the area when lumber-
ing operations began; consequently, no primeval samples are extant today.
In the sites where this type would be expected to develop, there is now a
mixed stand of the general Douglasfir-ponderosa pine stand-type. In a few
sites, Douglasfir is already far more abundant than ponderosa pine.

It is probable that the Douglasfir stand-type is the climatic climax in most
upper montane areas of the Rockies (Daubenmire, 1948), but it is prevented



TasrLE 12. B-8 Ponderosa Pine-Douglasfir Stand Vegetation Data

TreEs — Four 66’ x 66’ Quadrats

. Juniperus .
All Trees pofxiﬁ:l;gsa Pseudotsuga | ¥'TE 1 A0% &;Tiss
scopulorum
Basal Area
Av.sq.in./sq. ft......... ... ... 0.03
Percentage..................... 80 11 0.5 8
Av. no. trees/quadrat. ......... .. 13 9 3 1 0.2
Max. diam.,in.. . ................ 20 20 11 3 13
Max. ht, ft.................. ... 42 42 36 12 28
Max. age, yI8.. ........ P 139 139 68 ? ?
Stumps. ...l
Av.no./quadrat................ 0.5 0.5 0 0 0
Diam. range, in.. . ............. 1-9 1-9 — — —
SHRUBS — Six 12/ x 12 Quadrats
Quadrat Number
Freq. %
1 2 3 4 5 6
Percentage of area covered by
shrubs. .......... e 5 6 3 0 0 12
Pinus ponderosa saplings......... x 17
Ceanothus fendleri.......... ... .. x X 35
Rubus deliciosus. ................ X X 35
Prunus virginiana................ X 17
Ribes cereum. . .................. 5 17
Herps — Twelve 3’ x 3’ Quadrats
Quadrat Number
Freq. %
1234 l 5|16|7|8{9{10]11]12
Percentage of area covered by ,
herbs......... B 75| 80°100| 90; 35| 15 28| 18; 35{ 25| 37| 11
Artemisia frigida. ............ ... X | x x x| x X X 58
Geranium fremontii.............. XX x|x|x X[ x 58
Hesperochloa kingii. ............. x| x| x X|x|x 50
Artemisia ludoviciana............ x X x| x X 41
Carex heliophila. ................ X X X x| x 41
Chrysopsis villosa................ x X X X X 41
Lesquerella montana. . ........... X X X X x 41
Lithospermum incisum. ........ .. x X|x|x b 41
Antennaria parvifolia. . .......... x| x| x 25
Collinsia parviflora............... x| x X 25
Cystopteris fragilis............ ... X X | X 25
Harbouria trachypleura.......... X X X 25
Penstemon virens . ............... X X X 25
Potentilla fissa. . ................. X X X 25
Lichens, crustose and foliose. . ... [ x| x| x| x X X 50

Note: Twenty other species that had a frequency of less than 20 per cent are given in the species list in Ap-
pendix I.

49
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from achieving that status in the Front Range because the parent material
inhibits development of sufficiently fine soil to support it. Where soils are
more favorable, the Douglasfir trees grow so close together that the pines
cannot reproduce under them and are, therefore, eventually excluded.

d. Ponderosa Pine Stand Complex

This complex of stand-types is described above in the lower montane sec-
tion. In the upper montane, stands of this complex occur as the following
types of climaxes: a topoedaphic climax on deep soils on the lower part of
south-facing slopes, an edaphic climax on unusually coarse soils on north ex-
posures and ridgetops, and a topographic climax on unusually hot and dry
slopes. In some habitats, the trees grow tall and are separated enough to
permit grasses to form a continuous ground cover. An example of this type,
which also contains an abundance of Rhus trilobata Nutt. lies below stand B-3.

e. Limber Pine Stand-Type

Limber pine may grow scattered with other forest trees, but it never de-
velops vigorously in competition with the other specics. Wherever the habitat
becomes too severe for the other species, because of strong winds and/or
coarse soil, however, limber pine is left to grow alone, and in such sites it
forms a neat and distinctive stand. The individual trces are not as narrow-
crowned and spire-shaped as most of the evergreen trees in our arca. The
trunk usually is free of branches for several feet above the ground, and after
the first branch departs from the trunk, there is a tendency for a loss of domi-
nance by the original leader. Consequently, the upper crown of the tree re-
sembles the fingers of a hand with an abundance of large branches all growing
upward. This broad erown makes this stand-type conspicuous in the land-
scape. In more mesic sites, limber pine stands will be replaced by other stands
and are, therefore, successional. In severe habitats, it persists as a topographic
or a topoedaphic climax.

f. Aspen Stand Complex

The aspen stand-type is distinctive in the Iront Range because aspen is the
only broad-leaved tree to form extensive stands on the upland. Although aspen
usually is thought of as a moisture-loving species, there are ecotypes in our
area that can tolerate severe soil drought; they are dwarfed, scrubby, and
short-lived 1udividuals, but aspen none the less. They form a distinctive
stand-type on coarse soil of certain ridge-top sites. In more mesic sites, young
aspen groves are often very dense, but they open up as the stand matures.
Even in the more dense groves, however, sufficicnt light penetrates to the
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forest floor to permit the development of an abundance of herbs and shrubs.
Arctostaphylos grows very vigorously in this stand as does the common juni-
per. Many grasses and colorful flowering plants form a ground cover with the
crceping shrubs. The humus layer in aspen stands is much deeper than under
evergreen trees.

Most aspen groves contain scedlings or saplings of some coniferous species
(Plate 3A). In the upper montane, Douglasfir, ponderosa pine, and lodgepole
pine can reproduce under aspen, whereas aspen is unable to reproduce in its
own shade. Conscquently, aspen is eventually reduced to only a few dwarfed
individuals in a coniferous stand. The roots of these inconspicuous scrubby
aspen often survive fires and other disturbances and produce an abundance of
“sucker shoots” that pioneer the reforestation of the site. Aspen, then, is usu-
ally a successional stand-type. There is some evidence, however, that it is
climax in certain small mesic sites and as a narrow stand between gymnosperms
and moist meadows in the montane and a bit higher.

g. Lodgepole Pine Stand-Type

The character of lodgepole pine stands varies with their age. Young stands
are almost impenetrable; the slender trees grow so close together that one is
often forced to crawl in order to get through the forest. There are literally no
shrubs or herbs in many acres of this stand-type. As the stand matures, many
trees die, and this results in a gradual opening up of the forest. Eventually
ponderosa pine and Douglasfir seedlings become established under the lodge-
poles. Since the latter species is less tolerant of shade, it cannot produce
saplings that can replace the old lodgepoles when they die. Consequently,
ponderosa pinc and/or Douglasfir eventually replace the lodgepole. The lodge-
pole pine stand-type is, therefore, a successional ecosystem in the Front
Range (Clements, 1910). It occurs on all types of substrata but is limited to
the more mesic north exposure at lower elevations. It rarcly occurs below an
elevation of 8,500 feet.

Lodgepole pine stands and aspen stands are also common in the next higher
climax region, the subalpine forest. Subordinate species and tree reproduction
can usually be found in or near a given stand to indicate the region to which
it belongs.

h. Valley-Floor Stand-Types

Several types of stands grow on valley floors, varying, apparently, with
changes in soil texture and moisture. Most of them have been disturbed by
man or stock; I have not studied any of them in detail.

Cottenwood Stand-Type: Cottonwood stands dominated by Populus angusti-
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folia occur along streams and moist hollows where the water table is high.
Most of the current stands have been disturbed and invaded by a variety of
species, including all of the trees that grow in the upper montane and some
from the subalpine. A mature stand of this type is a soil climax.

Willow-Alder-Birch Stand Complex: This complex of stand-types occurs on
river banks and sometimes spreads into extensive thickets where the water
table is high, in shallow valleys and hollows.

Dry Montane Grassland Complex: This complex has stands similar to those
of the lower montane, but they are dominated by different species and are
less common and smaller (Ramaley 1910, 1915, 1916, 1916a and 1919a). They
are soil climaxes throughout the upper montane. In some sites they may be
biotic climaxes perpetuated by grazing or oceasional attempts at agriculture.
Any disturbance that inhibits germination and establishment of trees tends to
support eontinuation of this type.

B-4 Stand is in the dry montane grass complex. It is situated at an eleva-
tion of 8,200 feet near the eastern limit of a broad glaciated valley within a
few hundred yards of the lower limit of Pleistocene glaciation. The glacial
parent material is coarse, and the strong westerly winds have a clear sweep
of the stand. Since the stand has been recently disturbed by brush-clearing
operations and summer grazing by cattle, no quadrat data werc gathered.
The species presence list is given in Appendix I.

The data collected at the B-4 environment-measurement station (Appendix
II) are representative of the external stand environment of most of the valley-
floor stand-types deseribed above. 13-4 soil data are given in Table 7. Air
temperature was from 2° to 13° cooler at B-4 than at B-1, depending on the
feature being compared (Table 11). The 13° difference in minimum tempera-
ture and the 25% shorter freeze-freec period at B-4 are results of cold-air
drainage at the valley site. B-4 had 3 inches less precipitation than B-1. This
may not be significant; it could result from the greater amounts of wind at
B-4, or it might reflect an unusual distribution of storms. It is possible, how-
ever, that this is a real and significant difference. Many years of observations
of the behavior of storms in the Front Range have led me to conclude that
there is an altitudinal belt at the west margin of the Rocky Mountain surface
that is drier than the adjoining country both to the east and west. This belt
is often not rcached by Pacific storms moving eastward and Gulf storms
moving westward. B-4 resembles B-1 in soil temperature and relative hu-
midity, but B-1 had somewhat higher soil moisture.

Wet Meadow Stand Complex: Stands of this complex occur around ponds
and in hollows where the water table is high. I have not studied them, but
several types are described by Ramaley in his 1919 paper.
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C. Tur SusaLpINE ForeEsT CLiMax Recrox

1. REGIONAL CHARACTERISTICS

Geography and Geology: The subalpine forest lies above the upper montane
and below the alpine tundra. It has been called the subalpine zone and the
spruce-fir climax by other authors. The transition region between the sub-
alpine and alpine regions is the familiar “timberline” or “treelimit”. On the
east slope of the Front Range, the subalpine region lies between approxi-
mately 9,300 and 11,000 feet elevation, cutting across the lowermost of the
conspicuous glacial cirques.

This region embraccs parts of both the Rocky Mountain and the Flattop
erosion surfaces and some areas that do not clearly belong to either surface.
Regional altitude increases rapidly from east to west. Ridgetops have steep
gradients, while the valley floors usually are climbing at a lower gradient be-
cause glaciers scoured them in their upper reaches and deposited rock debris
in them at lower elevations. One consequence of this is that valleys become
deeper and deeper as the divide is approached and their slopes become sheer
cliffs. Most valleys terminate in the cliffs of glacial cirques up in the alpine
region.

Iee-cap glaciers of pre-Wisconsin time spread down to an clevation of about
11,800 feet on Niwot Ridge leaving a thin cover of glacial till with an ocea-
sional large boulder, but this ice did not reach down into the subalpine.
Wisconsin glacicrs were confined to valleys; they moved down varying dis-
tances and then retreated unknown distances, perhaps disappearing entircly
for an interval. During post-Wisconsin time, glaciers that persisted or were
reborn moved only short distances. The pre-glacial valleys often widen out
abruptly at about 10,500 feet elevation. As glaciers entered the wider valley,
they usually did not spread out and fill the entire valley; instead, they main-
tained the dimensions of the upper valley and produced giant lateral moraines
that dammed up drainage from adjacent slopes and lateral valleys and pro-
duced extensive boggy and marshy areas in the subalpine in sites that would
otherwise have been relatively dry. Extensive areas, such as most of the top,
the upper slopes, and the east end of Niwot Ridge, were never touched by
Wisconsin and later ice and perhaps escaped even earlier glaciations. This
circumstance has had profound effects on the region’s ccology because it gave
long geologic intervals for the weathering of bedrock into a deep mantle.

Glacial moraines of several ages and many sizes are common in valleys.
The youngest deposits, probably only a few hundred years old, lack soil pro-
files and support only a sparse cover of pioneer plants. Some of the oldest
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deposits, on the other hand, have well-developed profiles and are completely
covered with vegetation.

Lakes are common in the subalpine; permanent ones are usually in valleys
where glaciers gouged basins or left depressions in morainal deposits. Many
permanent and intermittent ponds lie in small pockets on the moraines and
on the flat surface of solifluction terraces.

Igneous and metamorphic rocks form bedrock. Landslides are rare today, in
spite of the presence of many precipitous slopes. Snow slides, originating above
timberline, occasionally reach the forest in other parts of the Range, but they
are rare in Boulder County.

Soils: Soils are highly variable, ranging from coarse and bouldery to clay
or peat. Well-drained soils are usually sandy loams (Table 13). Profiles are
fairly well developed on unglaciated, stable parent material and ou the older
glacial parent material. The best-developed profiles have several inches of
litter and mulch, a grey, somewhat leached horizon, and a yellowish concen-
tration horizon. These are podzolic soils. Soil ice is common during the winter
in sites kept snow-free by wind, but it is rare under trees and in areas where
snow accumulates to depths of several feet.

Climate: The climate is cool and moist. Summers are short, cool, and moist
with many late-lying snow banks and frequent thunderstorms; hot days are
infrequent, whereas cool, wet intervals of a few days are common. Autumn is
dry, usually cool during the day, and often cold at night; at least one snow
storm usually initiates or breaks into the Indian summer weather, and on

TasrLE 13. Subalpine Soils Data

Mechanical Analysis: Particle Size in mm.

Stand Depth, inches Soil Type Percentages of Fraction under 2
% over 2 bel
2-005 [ 0.05-0.002 | 0¥
C-1 0-6 Sandy loam 18 63 24 12
6-12 Sandy clay-loam 42 60 19 20
C-2 0-6 Sandy loam 19 68 24 9
6-12 Sandy loam 26 59 24 16
C-3 0-6 Sandy loam 26 68 21 11
6-12 Sandy loam 32 65 23 12
C-4 0-6 Sandy loam 32 69 19 12
6-12 Sandy loam 48 64 21 15
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rare oceasions it delivers several feet of snow; there are many intervals of
clear, calm, really hot days and cool nights; winds are strong at times. The
winter is long, cold, windy, and usually has an abundance of snow. The spring
is short, cool, and wet; in most years, at least one spring snow storm yields 2
or more fect of snow.

Winds at all seasons are from the west when strong. East winds are gentle,
often producing heavy fog in any season. Significant amounts of precipitation
come from both the east and the west. Snow strongly influences the character
and distribution of several types of stands in the subalpine. In general, snow
accumulates to much greater depths and remains on the ground for much
longer periods in the subalpine than in the montane regions, Within the sub-
alpine, there is great variation in the depth and duration of the snow cover.
In all forest stands except limber pine, there is snow on the ground most of
the winter, and it reaches several feet in depth even where there is no extra
accumulation from wind transportation. Small elearings only a few feet across
receive extra snow by wind transport from that which first settles on the
branches of trees in the immediate vieinity. Deep snow drifts develop wherever
a clearing, meadow, low shrub stand, or frozen lake provides a ‘‘source area”
of snow that the wind ean pick up, and a group of trees or a topographic
break serves as a ‘baffle area” that slows the wind down and forces it to de-
posit snow in an “accumulation area’”. These 3 areas grade into one another
like most natural areas. The deepest and largest accumulations of snow oceur
in the upper part of the subalpine where great expanses of tundra serve as
source arcas for great volumes of snow and topographic breaks or tree stands
provide baffles. Climax wet meadows produced by snow accumulation occupy
these sites where snow accumulates to depths of many feet and persists well
into the summer.

The details on the subalpine regional environment are given in the Stand
C-1 table in Appendix II.

Forest fires, starting most often in the montane, have moved up-slope in
their characteristic behavior and cut wide swaths in the spruce-fir forcst, often
extending for miles along slopes, and sometimes sending a narrow tongue up-
ward to timberline and above. Evidence of these fires remains for hundreds
of years, even after complete revegetation has taken place, because lodgepole
pine and aspen, which pioneer the burn sites, contrast sharply with the rem-
pants of spruce-fir forest.

Vegelation: One of the most homogeneous, simple, and continuous vegeta-
tion types of the Front Range occurs at intermediate altitudes in this region,
while higher and lower elevations support complex and heterogeneous vegeta-
tion. In the central arca, dense evergreen forest of spire-crowned spruce and
fir trees stretch across valleys and over ridges for many miles, broken only by
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stands of broad-crowned limber pine on the more exposed ridgetops; even
differences in exposure produce no obvious changes in the vegetation. This
vegetation is often truly primeval forest that has changed very little for many
hundreds, if not thousands, of years. It occurs where remotencss, rough ter-
rain, bouldery substratum, and relatively low timber values have discouraged
exploitation, and relatively moist environments have kept fires to a minimum,
Wet meadows and moist shrub stands occur in areas of high water table. Dry
meadows or “alpine parks’ occur on valley slopes and ridges.

In contrast, the upper part of the subalpine is ragged duc to variations in
soil parent material, topography, and patterns of heavy snow accumulation.
Wet meadows are common. The lower part is even more heterogeneous be-
cause repeated disturbance and fires have destroyed the more stable spruce-
fir forests, or have prevented them from ever developing. Lodgepole pine and
aspen, separately or in combination, have reforested these areas. Where fires
have been repeated again and again over large areas for several hundred
years, spruce and fir may be entirely absent. In most stands, however, the
presence of some subordinate plant, like Vaccinium myriilius L., which has an
ccological amplitude similar to spruce and fir, indicates that these latter
species will eventually replace the pioneer trees if fires do not recur. In many
lodgepole and aspen stands, spruce and fir saplings are already present.

2. THE MAJOR STAND-TYPES
a. Spruce-Fir Stand-Type

(1) General Features

Stands of Engelmann spruce and subalpine fir (Plate 3B) are the most
magnificent forests in this mountain area. The trees are small in comparison
with the trees of the wetter regions of northwestern U. S. mountains, but
compared to those in our own montane, they are large. Some are over 3 feet
in diameter and 100 feet tall. They grow close together with their spire-shaped
crowns almost touching. In spite of the dense shade, Vaccinium myriillus or
V. scoparius Leiberg. form an almost continuous ground cover about 12 inches
high. Several herbs often rise above the shrubs, but they oceur only sporadi-
cally. Rams horn lousewort (Pedicularis racemose Dougl.), a graceful plant
with purc white petals curved like horns, is the most striking of these herbs.
Spruce and fir seedlings and suppressed saplings are abundant in all mature
stands.

Many generations of trees have lived, died, and fallen over in these long-
persisting stands, and wind-throw of both living and dead trees is common.
The resulting tangle of stumps and fallen logs in all stages of decay, often
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with no systematic orientation, makes passage through these stands 2 tedious
and tiresome activity.

The old spruce-fir stands are relatively stable in character, changing very
little from century to century. As the older trees scattered through the stand
die, seedlings or suppressed saplings grow rapidly to form replaccrnents that
keep the stand relatively closed. No other tree species that grow in this region
can reproduce in the dense shade of the spruce-fir stand. Individual trees grow,
die, and decay ; blueberry bushes are dense in one area this year and in another
areg 100 years later; soil moisture levels fluctuate between the upper and lower
limits of the range of this factor from year to year; but the character of the
stand as a whole remains relatively constant. These stands have reached this
relative equilibrium, and achieved this ‘‘climax status”, because their en-
vironment has always inhibited fires and discouraged exploitation; conse-
quently, there has been adequate time for ecosystem processes to produce the
relatively stable type of ecological unit. Moisture, the factor that inhibits
fires, reaches these stands as ‘““direct” precipitation, and also as ‘‘secondary”
precipitation in the form of snow blown down into the stands from the tree-
less tundra of higher elevations. Even in dry years, this secondary precipita-
tion is rather reliable. Snow banks and rivulets of snow-melt water are com-
mon in these stands far into the summer. Their soil does dry out in the late
summer and may be very dry in the fall, but by these seasons the lightning
of thunder storms that ignites many of the mountain fires is rare.

There are many relatively stable spruce-fir stands on slopes in the subalpine
region. These are topographic climaxes. At higher elevations spruce and fir
form successional stands on sites where fires destroyed one stand and there
was no source of lodgepole pine seed nor of aspen suckers.

(2) Detazled Study Stands

There were no old spruce-fir stands in our region that were located in sites
that fulfilled the requirements of the project design. Consequently, we did not
study the vegetation of this type intensively. At a later date, Albert Johnson
(1956) studied several stands in the Silver Lake Valley, where we still had a
station in operation. His Stand 3-B is a mature spruce-fir unit located where
the valley is a milc wide and on a surface somewhat above the bottom of the
main valley. Quadrat data in Table 14 are taken from Johnson’s thesis.

The great density of tree trunks in the spruce-fir stand and the paucity of
shrubs and herbs contrast strikingly with the more open climax stands of the
montane. This is a rather drab stand-type that is monotonously uniform for
long distances, especially in the winter when snow covers even the slight
heterogeneity produced by patchiness in the distribution of the few common
shrubs and herbs. Johnson’s quadrats included only 3 species in the lower
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TaBLe 14, Silver Lake Spruce-Fir Stand Vegetation Data (from Johnson 1956)

TREES — One 827 x 82’ Quadrat

All Trees Picea Abies

Basal Area

Av.sq.in./sq. f6.... ... ... 0.79

Percentage................ 70 30
Av. no. trees/quadrat*...... 52 — —
Max. diam., in.............. 21 — —
Max. ht., ft................. 50 — —
Max, age, y18.. . ............ 423 — —

SuruBs AND HERBs
Freq. %

CareX rossil. .. ....ovi i e 14
Vaceinium myrtillus......................... 78

Pedicularis racemosa. . ....................... 20

* Converted to 66° x 866’ quadrat equivalent.

synusia. Some individuals of drnica cordifolia Hook., Pyrola spp., and Rosa
acicularss Lindl. turn up in most samples of this stand-type.

The external stand environment of Johnson’s stand is probably intermediate
between that of our stations C-1 and C-4 (Appendix II). It is less exposed
and somewhat higher than the lakeside site of C-4 and, consequently, is less
windy and less influenced by cold-air drainage.

Tree ages indicate that a small amount of selective lumbering is the only
disturbance this stand has experienced in about 500 years, and no fires have
taken place in that interval. It is near, therefore, to the status of a true climax,
perhaps as near as local stands ever get. Its topographic setting prevents it
from being a perfect climatic climax, but the valley is so broad and shallow
in this vicinity that topographic influences are at & minimum. For most pur-
poses, this can be considered a climatic-climax unit.

b. Lodgepole Pine Stand-Type

(1) General Features

Subalpine slopes are often broken by a narrow, sinuous line that separates
a yellowish-green, smooth-textured lodgepole pine forest from a taller spruce-
fir forest of darker green color and more ragged texture. Fire and/or lumber-
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ing followed by reforestation account for this pattern. Crandall (1897), Clem-
ents (1910), and Stahelin (1943) have all described research on this stand-type.
Both Johnson (1956) and Douglas (1954) describe some of these stands in our
research area.

Todgepole pine stands of the subalpinc resemble those of the montane de-
scribed above, but the species of shrubs and the species of trees that reproduce
under the lodgepoles differ between the two regions. In the subalpine, blue-
berries form the ground cover with frequent additions of mosses and lichens,
and most tree seedlings are spruce and fir. The stands are of many different
ages, Young stands are almost impenetrable and include very few species
other than lodgepole pine. As the stands get progressively older, the per-
centage of spruce and fir increases steadily until eventually a spruce-fir stand
with a few old relic lodgepoles has developed.

(2) Detailed Study Stands

Several young lodgepole pine stands located at an elevation of 10,000 feet
on different exposures were studied in our investigations. The study area in-
cludes the site of “Hill’s Mill”, which was located just above Science Lodge
and operated until about 1900.

Stand C-1C was on the rather flat surface that extends for about 225 yards
on the top of Iill’s Mill ridge. The ground slopes southeastward slightly in
the stand. The parent material is a very old glacial till much modified by wind
and water transport and deposition. The soil is a pedzol with an orange-brown
colored B horizon. The tree synusia contains only lodgepole pine (Table 15)
with individual trees so close together that branches interlace. The trees
range in height from 4 to 32 feet and in age from 20 to 37 years. Stahelin
(1943) found that it usually takes about 25 years {or this species to achieve a
completely closed stand. The smaller individuals are suppressed trees, not
young ones. Competition is severe in these stands; many of the smaller trees
are already dead and many more will die as the stand matures.

Table 15 gives the frequency of shrubs and herbs in Stand C-1C. Vaceinium
was the only subordinate specics with a significant amount of cover,

Environment-measurement station C-1 was located in a clearing produced
in the days of the lumbering operation and not yet reforested. The annual
summary for this station is given in Appendix II; soil data are given in Table
13. It is interesting to compare the environment factors at this stand with
those of stand B-1 since the two are in similar topographice situations and
represent moderate conditions in two adjacent climax regions. Comparative
data are in Table 9. The stations are separated horizontally by about 6 miles
and vertically by 1,500 fect. C-1 is distinctly cooler than B-1. Air temperatures



- TaBLE 15. C-1C Lodgepole Pine Stand Vegelation Dale

TreEs — One 33’ x 33’ Quadrat

All Trees Pinus contorta
Basal Area

Av.sq. io./sq. ft....... ... 0.47

Percentage. .................... 100
Av. no. trees/quadrat*......... ... 224 224
Max, diam.,in................. ... 6 6
Max. ht., f6............ ... 28 28
Max age, yrs..................... 37 37
Stumps

Av. no./quadrat*............... 32

Diam. range, in.............. ... 4-9

Surubs — Four 12° x 12/ Quadrats
Quadrat Number
1 I 2 3 4 Freq. %
Vaccinium myrtillus.............. — X — X 50
Rosa acicularis................... X X — — 50
Heres — Sixteen 3’ x 3’ Quadrats
Quadrat Number
Freq.
%
1j2|3afsis{7|8|lo|0]njz|3f14]|15]16
Percent area covered

by herbs............. 1506 13(10/10/7 ([ 3|5(35|6]0({3 (P2 |?]|?
Antennarig parvifolia. .. x| x| x|x X X|x|x 50
Achillea lanuloga.......| x| x| x| x| X X | x 44
Poaspp................ X x[{x|x X X | x 44
Epilobium angustifo-

Hum................. x|x|x|x X x 37
Fragaria ovalis. . ......| x| x x| x X X 37
Sedum lanceolatum . .. .[ x | x x x| xjx 37
Taraxacum officinale. . .| x x| x| x x| x 37
Thermopsis divari-

CATPR ...t X|X|x X x x 37
Carex Bpp.. ..« cv v X X X[ x| x 31
Campanula rotundi-

folia................. x| x X x 25
Lupinus argenteus. .... X[ x x| x 25
Potentilla fissa......... x| x|x 19

* Converted to 66 x 66’ quadrat equivalent.
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were generally 6° to 8° lower, while there was 19° difference in the absolute
maximum. Soil temperatures were lower by 2° to 4° except for the maximum
at the 6” level, which was the same at C-1 and B-1. The last freezc at B-1 was
on 26 May and at C-1 on 7 June, but the first one in the fall hit both stands
at the same time (3 September) so that there was only 13 days’ difference in
the length of the summer frecze-free period. There was 50 % more wind, 25 %
more precipitation, and the mean soil moisture was 38 % more at C-1, The
snow cover reached a maximum depth of 60 inches at C-1 as compared to
only 11 inches at B-1, and there was snow on the ground for 2 months longer
in the former stand. The average relative humidity for the year was about
the same at the two stands, but it was distinctly higher at C-1 during July
and August. These conspicuous differences between the subalpine and upper
montane are especially interesting when it is remembered that the lower and
upper montane were quite similar. The data reveal that there is a greater
quantitative difference between the subalpine and the upper montanc than
there is between the upper and lower montane.

Stand C-1 is successional to spruce and fir. There were no seedlings of these
species in the stand, but it is obvious from the regional ecology that these
species will eventually replace the lodgepole. One near-by indicator of this
trend is a mixed stand of large lodgepole, spruce, fir, and limber pine a few
hundred yards south of C-1 near the top of the moraine. This mixed stand is
much older than C-1C and is obviously an intermediate type in the regional
suceessional sequence from lodgepole pine to spruce and fir,

Stand C-3A: Lodgepole pine stand C-3A, located on the south-facing slope
(14 %) of Hill’s Mill Ridge, was also studied in detail. It is a somewhat older
stand, and its trees arc larger and farther apart than in the other two sub-
alpine lodgepole stands. Table 16 gives the quantitative data on the vegeta-
tion. Thermopsis, Arnica, and Lupinus occur in the larger openings of this
stand, although they were not in any of the quadrat samples.

The external stand environment of C-3A was measured in a clearing just
up-slope from the stand; an annual summary is in Appendix IT; soil data are
in Table 13. The C-3 maximum temperature, in both air and soil, was higher
than the same feature at C-1, but other temperature features were not sig-
nificantly different (Table 17). There was distinetly less wind at C-3, and,
partly as a consequence of this faet, it reccived more precipitation in its rain
gauge. Since the C-3 site is on a slope, wind crossing the ridge breaks up
into eddies and slows down, and its capacity to carry snow is thus diminished.
The correlation between wind and precipitation is demonstrated by the data;
precipitation was essentially the same at the two stations except for the
months of December through March, the period of strong westerly winds.
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TasLE 16. (-84 Lodgepole Pine Siand Vegetation Data

TreEs — One 33’ x 33’ Quadrat

All Trees Pinus contorta

Basal Area

Av.sq.in./sq. fto. ...l 0.87

Percentage............. ...... ... 100
Av. no. trees/quadrat®*............... 112 112
Max. diam., in...................... 9 9
Max. ht., ft............. ... ... 42 42
Max. 8€€, Yre. oot 57 57
Stumps

Diam. range, in.. .................. 4-24 4-24

Suruss — Four 127 x 12/ Quadrats
Quadrat Number i
Freq. %
1 ’ 2 ‘ 3

Vaccinium myrtillus. . ... ... ... X X / X 75
Rosa acieularis. . ................. ... x ‘ 50

Herpes — Eight 3’ x 3’ Quadrats

Quadrat Number

Percentage of area covered with herbs.
Thermopsis divaricarpa..............
Achillesa lanulosa. .. .......... ... ...

Freq. %
2’3‘45 6|7|8
450‘00300
X X 43
X X 25

* Converted to 66" x 86’ quadrat equivalent.

Snow left the C-3 stand a month earlier than it did at C-1, having reached a
maximum depth of 60 inches at the latter and only 42 inches at the slope

station. Relative humidity was the same at the two stations.

Stand C-2A: The third lodgepole pine stand studied in detail was C-2A
located on the north-facing slope (15%) of Hill’s Mill Ridge. Quadrat data
on its vegetation are given in Table 18, This stand is the same age as C-1C.
It contains a few spruce and fir that came up along with the pioncering pines,
and one quadrat contained some fir seedlings. Its external environment was
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TaBLE 17. Comparison of Stands in the Subalpine Climax Region
Stands
C-1C Lodgepole
e
spen Limber Pine spen
Altitude, fte. oo ooeeeee. ... .....| 10,000 10,000 10,000 10,200
EXPOBULe. ......vvviiiiineae s S-facing | Ridge top | N-facing | Valley floor
Yesrly Features of Enviropment
Factors:
Air temperature degrees F.
Maximum . «....ooooieniaiaa.n 80 75 79 73
Mean Max..................... 48 44 46 42
Minimum . . .. ....ocoa i -13 —14 —15 —21
Mean Min.. ........covnvvnnn.. 25 24 24 23
Mean. . .ooovr i 36 34 35 32
Longest freeze-free period, days. . 87 87 85 55
Soil temperature, degrees F.
6 inch depth
Maximum. ...........o00innn 76 72 72 70
Mean Max................... 47 46 42 43
Minimum. .................. 18 19 20 16
Mean Min.. ................. 36 34 34 33
Mean....... ... 42 40 38 38
12 inch depth
Mean........................ 40 40 38 38
Wind, total miles................ 71,184 91,276 65,762 115,323
Velocity, mph................... 8 10 8 13
Precipitation, in.. ............... 31 26 30 26
Maximum snow depth, in. (with
min. of drifting)............. 42 €0 59 28
Soil moisture, % dry wt.
57" depth, mean.............. 9 10 10 10
11-13” depth, mean............ 8 11 10 10
Mean relative humidity.......... 61 62 61 65

* This site was 200 feet higher and 2 miles closer to the Divide than the other three “C?’ sites.

measured in station C-2, located in a clearing just up-slope and across an
old logging road from the stand. The annual summary for this station is in
Appendix IT; soil data are in Table 13. The C-2 maximum air temperature
for the year appears anomalous because it was 4°F higher than the same
feature on the ridge top and only 1° lower than the maximum on the south-
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TanLe 18. C-2A Lodgepole Pine Stand Vegelatzon Dala

TreES — One 66’ x 66’ Quadrat

AlTrees | Pinus contorta | Pinus flexilis | o cleen o Abdes |
Basal Area
Av. 8q. in./8q. ft.. ... 0.54
Percentage........... 91 0.01 3 5
. § ;
Av. na. trees/quadrat. . 296 — — — —_
Max. diam., in......... 9 9 — — —
Max. ht., ft............ 35 35 — - -
Max. age, yr8.. ........ 43 43 — — —
Stumps
Av. no./quadrat...... 5
Diam. range, in.. . ... 3-10
SuruBs — Ten 12’ x 12’ Quadrats
Quadrat Number
Frea. %
1 ' 2 4 |5 T 6 [ 78 ]9 |10
Abies lasiocarpa seed-
lings................. x 10
Vaccinium myrtillus. ... x| x| x| x{x]|x 60
Arctostaphylos uva-ursi 9 10
HerBs — Sixteen 3’ x 3’ Quadrats
Quadrat Number 8
o
1] 2 ¢ sle| 7/ 8folwolufn|fis|te] £
Percentage of area herb
covered. ............. 30| 20 35( 201 35{ 25 17 1 | 17t 20} 25, 25| 32| 32( 22
Thermopsis divaricarpal x | x X|x|x1x x| x| x|x|x|x|x]x|88
Lupinus argenteus. .... X! % X|x(x X X|X|x{x[X x 81
Poa palustris...........| x! x x xix|x|x|x|x{x|x}x 75
Campanula rotundifolia) x x[x| x| x| x X x|x|{x|x|7
Achillea lanulosa....... X X x| X X|x|x|x|x 63
Solidago multiradiata..| x | x X x| x| x| x| x|[x]|x x | 56
Fragaria ovalis. ..... ... x X X{x!x|x X 50
Carex sp............... X X x| x|x|x|38
Taraxacum officinale . . . x| x)x x| x a8
Antennaria parvifalia. .| x x| x X 31
Epilobium angusti-
folium............... XX X xix|31
Arabis drummondii..... X x| x x| 25
Sedum lanceolatum. ...| x | x X x 25
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facing slope at C-3. This unexpected relationship appears to result from local
air circulation that carries unusually warm air to the north-facing slope site.

The environment of the stands on the two slopes of Hill’s Mill Ridge are
similar in air temperature, rarely differing by more than 2° (Table 17). The
soil temperatures at C-3 (south-facing slope) reached higher maximums, but
minimums were close together. C-3 also had a freeze-free period 2 days longer
than C-2 because it escaped the first fall freeze. There was no difference in
precipitation and relative humidity. C-2 had a little higher soil moisture and
about 8% less wind than C-3. The snow cover reached a depth of 59 inches
at C-2 and remained on the ground longer; there were only 3 months without
some SNOW COVer.

c. Aspen Stand-Type

(1) General Features

Aspen stands of the subalpine contain subordinate species that are different
from those in montane aspen stands described in the previous section. Sub-
alpine aspen stands arc usually successional to spruce-fir, but some are suc-
cessional to lodgepole pine, and a few may be climax stands. Most of the sub-
alpine aspen stands are small, a fraction of an acre to a few acres in extent.
This small size is probably related to the fact that this species is unable to
reproduce by seed in the Front Range, and seedlings of other species become
established on disturbed sites before the root suckers of aspen ean gain domi-
nance,

The interrelations and comparisons of lodgepole stands and aspen stands
in both the upper montane and subalpine have not been worked out satis-
factorily. It is often stated that aspen reforests moist sites and lodgepole
pine reforests dry sites, but there is no evidence in our area to support this
belief. Aspen does definitely grow more vigorously in moist than in dry sites,
but so does lodgepole; lodgepole does grow on rather dry sites, but so does
aspen. It appears that the environment-amplitudes of the two species are very
similar, and that availability of seed or suckers controls the selection of one
or the other species each time a site becomes available for colonization.
Lodgepole seeds, produced in superabundance, and often (but not exclusively)
held in their cones until a fire forces them open, frequently cover extensive
areas with seedlings in only a few years after disturbance. Studies made at
Science Lodge mm 1947 demonstrated that aspen trees also produce viable
seed, but we have no evidence that seedlings are ever established naturally.
Very few acres of any subalpine stand, however, lack a few straggling sprigs
of suppressed aspen. When the over-story trees are removed, the roots of
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these aspen produce many sucker shoots that, along with suckers from their
own expanding root system, rapidly cover the disturbed arca.

Herbs develop a dense stand on many disturbed sites before lodgepole or
aspen can get established. Once well developed, the herbs are resistant to
encroachment by lodgepoles because the tree seedlings are in vigorous compe-
tition with the herbs. Aspen suckers are more successful in invading these
meadows, presumably because they do not have to be self-suffictent; their
roots attach them to older shoots from which they obtain nutrients, water,
and even food. Many isolated aspen groves arc expanding centrifugally into
meadows.

The potential capacity of these two stand-types to succeed one another in
ecosystem change is significant in the regional ecology. The capacity of
lodgepole to succeed aspen is demonstrated by the presence of lodgepole
saplings in many aspen stands and large, dead aspen in lodgepole stands. There
is no evidence that aspen can develop in a lodgepole stand and eventually
replace it.

Another interesting feature of the ecology of these speeies in Boulder County
is their abundance and vigor at different altitudes. Both aspen and lodgepole
grow throughout the subalpine, but they are not common in the upper part
of this region. Aspen are rare and small above an elevation of about 10,000
feet; lodgepole pines are rare but vigorous where they do occur, up to at least
10,800 feet. The explanation for these eharacteristies of distribution is not
easy to find, and no well-documented analysis of the problem has been pub-
lished. The basic difficulty is that these trees are successional species, and the
absence of a successional species in any given area may be accounted for by
either of two possibilities: (1) the area’s environment is outside the environ-
ment-amplitude of the species, or (2) the area’s environment is within the
amplitude of the species but it has lost out in competition with other species.

Since some individuals of these species occur all the way up to, and includ-
ing, the tree-limit region, it is clear that at least some sites throughout the
subalpine are within the environment-amplitude of the species. Their sparsity,
therefore, is probably related to inability to compete with the climax species
and to the occurrence of Jong intervals without disturbance or fire. It is quite
possible that any or all of the following ideas are sound: (1) some types of
sites are outside the amplitude of lodgepole pine and aspen; (2) others are
within but near the limits of their amplitude while being far from the limits
of the amplitude of the climax species, with the result that the climax species
do the pioneering and exclude the typical pioneer species; and (3) many dis-
turbed or burned sites would permit vigorous development of lodgepole pine
and aspen, but there were no sources of seed or propagnles following removal
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of the previous vegetation, while disseminules of the climax species reached
the site and were sueccessful.

The statement made above that lodgepole pine and aspen both oceur in
the forest-tundra transition region deserves more comment here. Near the
south-east end of Niwot Ridge, there is a dwarfed aspen stand covering several
acres of an old burned area. Individual stems are only a few feet tall and growth
is slow, but there is no evidence that these “trees” will be destroyed by ex-
tremes of the external stand environment. They will apparently persist until
climax species crowd them out.

(2) Detailed Study Stands

Aspen stands were studied in detail on different topographic sites on Hill’s
Mill Ridge above Science Lodge.

Stand C-1D is south of Station C-1 and southeast of lodgepole pine stand
C-1A. It is close to a small creek and may have a higher water table than the
pine stand. Table 19 gives data on the vegetation. Seedlings and saplings of
lodgepole pine and Engelmann spruce occur in this stand, and limber pine
saplings occur in an adjacent aspen stand. This capacity of these gymnosperms
to reproduce in an aspen stand while aspen is unable to reproduce in its own
shade demonstrates why aspen stands are successional in this region. The
stand contains an herb synusia with many species forming a dense cover,
a striking contrast to the adjacent lodgepole pine stand’s depauperate herb
population.

The external stand environment of C-1D is represented by data collected
at station C-1, C-1D may be a more mesic site than that of the station, how-
ever, due to ground-water movements that produce the small creek.

This is obviously a successional stand. Stump data (L'able 19) show that
there was a stand of gymnosperms on this site previous to the lumbering,
but we do not know the species composition of that stand. Data on saplings
(Table 19) indicate that aspen leads the other trees in frequency of saplings,
but this ean be misleading in attempts to interpret the future of the stand.
The youngest aspen tree is about 20 years old. The aspen ‘‘saplings” are
actually suppressed sucker shoots, probably all at least 20 years old, which
cannot grow any larger in the existing competition. They will all die before
developing into trees unless some current over-story individuals die. In the
meantime the gymnosperm saplings continue to grow, even under competition
with the aspen over-story. It is evident, then, that as time goes on, the gym-
nosperms will increase and aspen will decrease. The species composition of
the next distinet stand-type in the sere is not evident at this time, but regional
ecology leaves no doubt that the ultimate stable stand that would develop



TarLr 19. C-1D Aspen Stand Vegetation Daila
Trees — Three 66’ X 66’ Quadrats

P ] .
All Trees trer%?l‘i(l':iltsles Pinus contorta eng};;f::nnii
Bagal area
Av.sq.in.feq. ft.. ... ... 0.10
Percentage..................... 91 7 2
Av. no. trees/quadrat. ........... 30 78 2 —
Max. diam., in.. . ... 6 6 6
Max. ht., ft.............oo 22 | 22 19
Max. age, YI8. . ..ot 52 52 38
Stumps
Av.po./quadrat................ 6
Diam. range, in................ 3-16
SuruBs — Eight 12 x 12/ Quadrats
Quadrat Number
Freq. %
1 l 2 | 3|4 |5 i 6 | 7| 8
Populus tremuloides saplings. . ... x| x| x x| X 62
Picea engelmannii saplings....... X | X 25
Pinus contorta saplings.......... | X 12
Pinus flexilis saplings. ...........] X 12
Salix undit................ A b3 x | x 37
Vaceinium myrtillus. ... ... . .. X X [ X 37
Juniperus communis, ............. | X 12
Herss — Twelve 3’ x 3’ Quadrats
Quadrat Number
Freq. %
1l2{3fa|5]6 f 7819101112
Percentage of area herb covered. . .| 12] —| 22{ 25 27| 30| 55| 40| 10 30! 35! 12
Taraxacum officinale............. b3 xPxlxIxtx|{x|x|[x]|x|x 92
Fragariaovalis...................] X X| X X X{x|x|x|x 83
Achiliea lanulosa. ............. ... x| x XX x| x}pxix 66
Antennaria parvifolia. . ......... .| x x| x x| x|x x| x 66
Carex bella & C. foenea. ... .... x x| x| x|x x 50
Trifolium repens. ................ X X X x| x| x 50
Caltha leptosepala............. .. X[ x1|x x| x| x 50
Lupinus argenteus. .............. X X[ x| X X 42
Sedum lanceolatum. ............. x X x Xxi{x 42
Epilobium angustifolium......... X X|x X|x 42
Ligusticum porteri............... xI x| x X X 42
Poa pratensis & P. palustrls ...... X X X X 33
Rosa acicularis. . B, X X X X 33
Sedum rhodanthum. . ............ XX X X 33
Draba streptocarpa. . .. X|x X 25
Pseudocymopterus montanus X x| x 25
Arniea cordifolia. . ............ ... b9 X X 25
Polygonum viviparum............ xl x x 25
Solidago multiradiata............ X X X 25
Viola adunea..................... X{x|{x 25

Note: Twenty-eight other apecies present in the quadrats with a frequency of less than 20 per cent are listed
in the species list in the Appendix I.
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in the absence of disturbance or fire would be dominated by spruce and fir.
Being somewhat more mesic than the average site, the stand would have a
larger proportion of fir than the average subalpine climax.

Aspen stand C-3B, (located next to station C-3) on the south-facing slope,
contained a few lodgepole pine trees from the time of its beginning after the
last disturbance. In fact, the comparative tree ages (Table 20) suggest that
the lodgepole pines got started on this site earlier than aspen, but this may be
misleading; the earliest aspen trees may have died. The annual summary for
the environment factors measured at C-3 is in Appendix II. The abundance
of lodgepole pine seedlings indicates that a stand of this species will eventually
replace the agpen, and regional ecology indicates that spruce and fir will
subsequently replace the lodgepole pine and produce a climax stand.

Aspen stand C-2B was located on the north-facing slope, northeast of
Station C-2 and east of lodgepole pine stand C-2A. It is surrounded by lodge-
pole stands and contains all ages of individuals of that specics. Table 21
gives vegetation data, and an annual summary of the stand’s external en-
vironment is in Appendix II. It is probably successional to a lodgepole pine
stand. Ecosystem change on this site and the adjacent sites now supporting
lodgepole pine tends to bring about a convergence toward a single stand-
type, a spruce-fir climax.

d. Limber Pine Stand-Type

Limber pine stands are especially conspicuous in the subalpine landsecape,
even from long distances, because the broad crowns of the limber pines produce
a texture that contrasts sharply with that produced by the narrow crowns of
spruce, fir, and lodgepole pine. Extensive stands of limber pine are restricted
to sites with exceptionally strong winds and/or coarse soil. Small stands,
often of only a few trees, occur in micro-sites of a similar nature throughout
the subaipine. T have not found a large stand in a site with average or rela-
tively low wind and coarse soil, but some small stands do occeur under that
combination of environment factors.

All of the limber pine stands in our area are relatively old. The trees are
widely spaced and usually have only a short segment of branch-free trunk;
it is probable ithat they have survived because the wide spacing minimized
fires and the low branches have discouraged lumbering. The openness of the
stand permits free wind movement that sweeps snow out of the stands and
thereby reduces the annual soil moisture. Several shrub and many herb spe-
cies grow in these stands, but they form only a very sparse ground cover. Large
patches of bare gravel arc common.

Limber pine stands have generally been labelled topoedaphic climaxes
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Tasik 20. C-3B Aspen Stand Vegetalion Dala

TrEES — One 33’ x 33’ Quadrat

All trees Populus tremuloides Pinus contorta
Basal Area
Av.sq.in./sq. ft........ ... 0.32
Percentage. . .................. 78 22
Av. po. trees/quadrat®........... 1048 1032 16
Max. diam., in................... 6 3 6
Max. ht, f6........... ..., 18 18 17
Max, age, y78.. ...t 36 24 36
SERUBS — Six 127 x 12’ Quadrats
Quadrat Number
Freq. %
1 2 3 4 H 6
Juniperus communis. . ........... X 17
Salix sp...... e e x 17
Rosa aciculanis. . ................ x 17
Vaccinium myrtillus. . ........... x 17
Heres — Twelve 3’ x 3’ Quadrats
Quadrat Number
Freq. %
1,2]3]|4 5|6 7|8 9 (10 11]12
Percentage of area covered by
herbs..........ccoiiiiiiiian., 10} 12{ 10: 25! 40| 30| 50; 40| 15 20| 20; 10
Thermopsis divaricarpa. ........ x|x|x{x{x|x|x|x|[x|xlx]x 100
Achillea lanulosa................. x| x| x xlx|x|x|x|x|x 83
Solidago multiradiata............ x| x X X| x| x x| x 75
Sedum lanceolatum. ............. xtxlx x| x|xix x{x 75
Lupinus argenteus. .............. x| x Xfx XX 66
Pos pratensis.................... x|[x|{x|[x X 44
Carex Sp.. ... i X X X b4 33
Fragariaovalis. . ................ X x|[x|x 33
Antennaria parvifolia. ..... ..... X x| x| x 33
Potentilla fissa........... e X x X 25
Pseudocymopterus montanus. ... . X b4 X 25
Senecio fendleri.................. X X|x 25

Note: Ten other species present in the quadrats with a frequency of less than 20 per cent are listed in the spe-
cies list in Appendix I.
* Converted to 66’ x 66" quadrat equivalent.



TasLe 21. C-2B Aspen Siand Vegetetion Data

TreEES — Two 66’ x 66° Quadrats

All Trees Populus tremaloides Pinus contorta
Basal Area
Av. 8q. in./sq. ft.. ... 0.04
Percentage........... 84 16
Av. no. trees/quadrat. . 82 78 4
Max. diam., in......... 7 4 7
Max. ht,, ft... ... . ... 22 16 22
Max. age, yrs.. ........ 46 46 36
Stumps
Av. no./quadrat...... 19
Diam. range, in.. . ... 3-12
Seruss — Eight 12/ x 127 Quadrats
Quadrat Number
Freg. %
1 2 3 4 5 6 7 8
Vaecinium myrtillus. ... X X x 37
Juniperus communis....| X X X 37
Arctostaphylos uva-ursi| x x 25
Henrss — Sixteen 3’ x 3’ Quadrats
Quadrat Number ©
<4
tl2|alals{e|7i8|9ojt0[u|12]|8}1afl15]16] K&
Percentage of area cov-
ered by herbs. ... ....| 20| 18| 20| 28| 35| 33| 15| 25| 35| 27| 25] 20{ 15] 15 30{ 25
Thermopsisdivaricarpa.| x| x | x [ x| x| x! x| x|{x|[x{x| x| x| x| x| x {100
Achillea lanulosa. .. .... x| x!x|x|{x{x|xix|[x|x]x|[x]x x| 88
Solidago multiradiata..| x x| x|x x| x[x|x{x|x|x|x|x 81
Lupinus argenteus. ....| x| x x| x{x{x|x|x|x|x X x| 75
Koeleria cristata....... XX x| X x| x{x|x|x|x|[x]|x|75
Campanula rotundifiora| x x| x| x}{x{|x X X | x X x| 69
Carex geyeri........... x X x|{x|x|x|x X x{x|69
Sedum lanceolatum . . .. x| xix|x|x|x|x|x x| x{x 69
Epilobium angusti-
folium............... X X| x X| x| x|x|x x| 65
Fragaria ovalis......... x| x{x|x X X X 44
Taraxacum oflicinale. . . X X | X b3 X x x| 44
Agrostis scabra. ....... L X x! x| x| x|x X 44
Arabis drummondii. .. .. X X x| x x x{ 37
Castilleja rhexifolia. . .. b'e x| x| x}x x| 37
Draba sireptocarpa.. .. X x x

Note: Eight other species present in the quadrats with a frequency of less than 20 per cent are listed in the
apecies list ip Appendix I.
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because of the belief that the site is too dry and windy for other species. This
is probably correct for many limber pine stands. Douglas (1954), however,
has demonstrated that some limber pine stands, perhaps far more than we
realize, are actually successional to spruce-fir.

Two limber pine stands on Hill’s Mill Ridge were studied in detail. Tables

TaBLE 22, C-1A Limber Pine Stand Vegetation Data

TREEs — One 66’ x 66’ Quadrat

All Trees Pinus flexilis Pinus contorta

Basal area

Av.sq.in./sq. ft............... 0.27

Percentage..................... 99 1
Av. no. of trees/quadrat......... 14 13 1
Msax. diam., in................... 22 1 —
Max. hto, ft.. ..ol 36 36 —
Max. age, ¥r8.. oo 178 178 -—
Stumps

Av.no./quadrat............... 8

Diam. range, in.. .............. 5-18

HEerss — Four 3’ x 3’ Quadrats

Quadrat Number

Freq. %
1 2 3 4
Percentage of area covered with
herbs.........c.ooiiiint 3 5 25 6
Erigeron pinnatisectus. .......... X X X X 100
Koeleria eristata................. X X X 75
Oxytropis lambertii.............. X X X 75
Selaginella densa................. X X x 75
Anemone patens. ................ X X 50
Harbouria trachypleura.......... X X 50
Saxifraga bronchialis... . ......... x X 50
Draba streptocarpa. ............. X 25
Avenaria fendleri............... .. X 25
Thermopsis divaricarpa. ......... X 25
Frasera speciosa. ................ b 25
Lichens..........coovvivviinvan. X b3 X 75
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TaBLE 23. C-1B Limber Pine Stand Vegetation Data
TrREES — One 66’ x 66’ Quadrat
All trees Pinus flexilis | Pinus contorta trl;?:?.\‘ﬂ;i‘; es
Basal Area
Av.sq.in/eq. 6o .. ool 0.64
Percentage..................... 99 0.3 0.2
Av. no. trees/quadrat............ 30 26 2 2
Max, diam., in.. ................. 15 15 3 3
Max. ht,, ft........... ... 38 38 — —
Max. age, yr8.. ... . ... ... 188 188 — —
Herss — Four 3’ x 3 Quadrats
Quadrat Number
Freq. %
1 2 3 4
Percentage of area covered with
herbs......... ...t 1 6 12 3
Sedum lanceolatum . ............. X x X X 100
Koeleria eristata. ................ x x X 75
Erigeron pinnatisectus........... x p e 50
Carex geyeri..................... X X 50
Oxytropis lambertii.............. X x 50
Draba streptocarpa. ............. X X 50
Arenaria fendleri. . .............. X 25
Penstemon virens................ X 25
Potentilla fissa. . ................. X 25
Senecio fendleri. ... ........ .. .. X 25
Lichens...... e X 25

22 and 23 give quadrat data, and their external stand environment, as meas-
ured at Station C-1, located in a clearing just west of the two stands, is given
in Appendix II. Some 60 years ago Stand C-1A was disturbed by lumbering,
which reduced the density of trees significantly. It is likely that this is a
spruce-fir site but that some earlier disturbance had destroyed or opened up
the surrounding vegetation and exposed the site to strong winds. This environ-
ment gave limber pine an initial advantage in the revegetation process. The
current stand is obviously successional, not yet having recovered from the
lumbering. It is also likely that it will develop into a spruce-fir stand as sur-
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rounding forest develops and reduces wind velocity. Stand C-1B was not
lumbered, and it is more exposed to wind because of its topographic setting.
It appears to be a topographic climax.

e. Willow-Birch Stand-Type

Wet, marshy soils surrounding the glacial lakes that are abundant in this
climax region provide an environment suitable for one of the most extensive
shrub communities that we have in these mountains. Several species of willow
(Saliz spp.) and the dwarf birch (Betula glandulose Michx.) (especially inter-
esting because of its arctic alpine distribution) produce a community that may
be very dense and reach a height of 3 to 4 feet. These shrubs are excellent wind-
breaks and cause an accumulation of snow up to near the level of their upper-
most branches during the winter. These are successional stands in most sites;
in sites where the water table is kept high by topographic relations they are
probably topoedaphic-climax stands.

f. Wet Sedge-Grass Meadow Complex

Associated with the shrub stand above in the vicinity of lakes, there are
wet, sedge-grass stand-types in which the plants grow very vigorously with
their roots in a substratum usually saturated throughout the year. In some
instances these communities are growing out over the water and are actually
invading ponds in this way. These are successional stands that will be invaded
by shrubs eventually in the processes of ecosystem change. Ramaley (1919 and
1920) recognized 15 types in this complex.

Both the shrub and sedge-grass stands are most common in valleys. The
general atmospheric features of their external stand environment are illus-
trated by data collected at our C-4 station. Their soil features would differ
from C-4 because their soil is largely organic and is saturated most of the
year. Since there is no evidence in our area that atmospheric factors are di-
rectly controlling in the concentration of these stand-types in valleys, it ap-
pears that topoedaphic features are controlling. Therefore, the following com-
parison of the valley to the ridgetop station is presented to illustrate the
localizing effects of topography on the atmospheric factors, not to suggest a
control over vegetation.

Minimum temperature is the feature that differs most between C-1 and C-4,
(Table 17), as is usual in valley-ridge comparisons, The seven degrees differ-
ence is somewhat less than usual, probably because the cold nocturnal air
sometimes spills over the ridge and gives C-1 a burst of the cold-air drainage.
Thermograph charts of C-1 station often show the abrupt U-shaped trace
that is characteristic for intervals of cold-air drainage. Other temperature
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features differed by only 2° or 3° between the two stations. There was over
25 % more wind at C-4 than at C-1, Precipitation, soil moisture, and relative
humidity were the same at the two stations. Snow cover ecannot be compared,
because observations at C-4 were made in the open beside a mile-long lake,
while those at C-1 were made in a small opening in the forest.

In comparing these two stations, it is necessary to keep in mind that they
differ in relation to the Divide as well as in topography, C-1 being farther
from the Divide.

g. Dry Subalpine Meadow Stand-Type

Dry subalpine meadows are common as successional stands following
lumbering and/or fire. A dry meadow was studied, just south and west of
Station C-1; Antennaria parvifolia Nutt., Oxytropis lambertiana Pursh,
Carex spp., Erigeron pinnatisectus (Gray) Nels., Sedum lanceolatum Torr.,
Thermopsts divaricarpa Nels., and Taraxacum officinale Web. were the most
common herbs. Additional specics are listed in the species list in Appendix 1.
The meadow’s external stand environment is given in the summary for Sta-
tion C-1.

There are many stumps in the meadow, and both lodgepole pine and aspen
are invading it and could change it to a forest stand in a few decades. Other
dry meadows in the subalpine may be edaphic climaxes (Robbins 1918).

D. Tar Avrine Tunvra CLiMax REGion

1. REGIONAL CHARACTERISTICS

Geography and Geology: The alpine tundra lies above the subalpine forest
on all ridges and peaks that rise above the general level of tree-limit at an
elevation of about 11,400 feet. It is often called the “‘alpine zone”.

The alpine tundra is a land of striking contrasts in space and time. Gently
rolling surfaces end abruptly at the foot of stecp, jagged ridges, or at the lip
of cliffs hundreds of feet high. Fine-textured soil particles form ‘‘centers”
scattered through a matrix of large rocks often several feet in diameter
(Plate 4); in one place the rocks rise several feet above the fines, in another
place the fines form flat-topped mounds or stripes whose tops are, incon-
gruously, several feet above the bouldery maftrix. One square meter of soil
has been stable for hundreds of years, while in an adjacent square meter
plants were uprooted last night by “frost heave”. Some areas are snow-free
95 % of the year, while a few meters away snow covers the ground 11 months
of the year; the “growing season’ of any one plot may be from zero to 70
days. Moss carapion (Silene acaulss L.), the pinkish-flowered cushion plant,
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flowers in June in one area and in September in another area less than 100
feet away. Lush sedge-grass meadow covers areas where ground water comes
close to the surface all summer; an adjacent area that receives little moisture
has a sparse plant cover. Calm, warm, clear weather may change in a few
minutes to the dark, frightening cold of an electrical storm and then, just as
abruptly, change back to the lazy warmth that preceded the passing thunder
storm. The perennjal Geum rossii grows 8 inches tall with many flowers
during a favorable summer, while the following year may be so unfavorable
that the same plant in the same habitat is only a few inches tall and has few
if any flowers.

The alpine tundra of America has not been studied as thoroughly as has
its counterpart on other continents. Papers by Braun-Blanquet (1948 and
1949), Ludi (1921), and Schroeter (1926) in the Alps, Dahl (1956) in Scandi-
navia, and Costin (1954) in Australia are examples of outstanding ecological
studies of alpine tundra regions. Many early American ecologists visited the
Front Range tundra and some published brief accounts (Cooper, 1908), but
Cox published the first intensive ecological study in this climax region in 1933.
Kiener’s unpublished thesis {(1939) on Long’s Peak, and the United States
Forest Service pamphlet by Schwann and Costello (1951), covering the entire
Rocky Mountains, are valuable studies of tundra. The latter authors empha-
size the economic importance of the alpine, in which they include the forest-
tundra transition region, with the statement that it contributes over 20%
of all stream flow from the mountains although it covers only 314 % of Colo-
rado’s surface area, It is not surprising that interest in basic alpine research,
such as the studies of Martinelli (1959) on the hydrology of late-lying snow-
fields, has been increasing in recent years.

Geology: The spectacular cliffs and sharp peaks that one usually thinks
about in recalling views of “the mountains’ are only one type of high mountain
landscape ; many square miles of alpine tundra resemble gently rolling grass-
lands of the Great Plains. ‘The character of any one arca depends on whether its
topography was produced largely by valley glaciers or by forces of cryoplana-
tion (leveling by ground-ice action). Along the Continental Divide, the back-
bone of the Front Range, rugged topography is the rule although even here
there are many gentle slopes and almost flat ridge tops. Bastward from the
Divide, the topography becomes progressively less spectacular because effects
of valley glaciers diminish. Many round-topped ridges that have escaped
glaciation since before the Wisconsin epoch extend eastward from a fraction of
2 mile to several miles. Niwot Ridge, the center of our alpine research area,
is over four miles long, and its area of gentle topography averages a mile in
width. Cliffs do oceur at its western end, but along the remainder of its borders
slopes are gentle.
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The major valleys have the broad U-shaped cross-section profile and a
giant-step longitudinal profile characteristic of glacial valleys, and they termi-
nate in glacial cirques whose cliffs may be over 1,000 feet high. Some of these
cirques are over a mile wide. Gentle valley slopes and broad ridge tops are
always terraced into broad steps by solifluetion. There are many hanging
valleys, nivation hollows, talus slopes, and some rock glaciers.

Small moraines occur near the front of current glaciers in the heads of some
valleys, and they usually form the dam for a small lake. Most valleys have a
long series of lakes, at least one on each of the glacier-produced steps. Ponds
are common both in valleys and on slopes and ridges.

Congeliturbation, solifluction, frost heaving and boiling, and other forces
related to gravity, saturated soil, and frequent freeze-thaw cycles of soil water
have been very active in past times and are currently active wherever there is
an abundance of soil water during part of the spring and fall. These forces
have produced a variety of terraces, stone garlands, polygons, stripes, sorted-
nets, frost boils, and other types of ‘“patterned ground” (Washburn, 1956).
Billings and Mooney have suggested the presence of cyclical phenomena in
one type of pattern (1959). Landslides are rare in the tundra. Permanent and
semi-permanent snowbanks are common; these banks are probably more
extensive on south- than on north-facing slopes because the prevailing wind
blows from slightly north of west and therefore deposits more snow on south
exposures. Snow avalanches arc fairly common in the spring, especially after
intervals of unusually heavy snowfall.

Soils: Like other tundra features, soils (used here in the broad sense) vary
greatly, from fields of six-foot boulders to fine silt-clay in the centers of poly-
gonal soil patterns. Soils analyzed from a kobresia meadow were silty-loams
(Table 24). All soils have been subject to onc or more of the geomorphic
processes mentioned above of heaving, thrusting, sorting, and movement
down-slope, even on gentle gradients, due to freeze-thaw cycles of soil water.
Some flat, well-drained upland areas have been stable for a long time, but
areas where there is an abundance of water during intervals of freeze-thaw
are currently active,

The soil is very rocky, except on some slopes that escaped more recent
glaciations and, therefore, have deep, residual or colluvial, relatively fine-
grained parent material. Silt and clay have probably been blown into the
tundra from glacial outwash or lake deposits. Even today, wind-blown soil
particles collect in pockets of eroded snow during the winter, and dust some-
times covers snowdrifts in the spring.

Soil profiles are well developed where the soil has been stable for a consider-
able time. The upper horizon is very rich in humus in some stand-types and
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TaBLE 24, Alpine Soils Data

Mechanical Analysis: Particle Size in mm,

Stand Depth, inches Soil Type Percentages of Fraction under 2

% over 2

2-0.05 0.05-0.002 (below 0,002
D-1 0-6 Silt loam 18 41 a1 7
6-12 Silt loam 22 38 55 8
D2 0-6 Sandy loam 6 53 41 6
6-12 Silt loam 29 39 5 8
D-3 0-6 Sandy loam 0.4 59 H# 7
6-12 Silt loam 22 35 57 8
D4 0-6 Silt loam 24 42 50 9
6-12 Silt loam 24 40 51 9

may be up to 12 inches thick. Below the humus layer, there may be a slight,
ineconspicuous concentration of clay and silt.

Soil ice occurs in all sites during the winter and persists throughout the year
in some sites. The depth and extent of permanently frozen ground (“perma-
frost”) is not yet known. Retzer (1956) describes 3 major soil groups and
several sources of information on permairost.

Climate: The regional atmospheric environment of the tundra is less well
known than that of other climax regions because it has not supported the
settlements at which such data have traditionally been collected. The Pike’s
Peak records (Greely, 1891), 9 years of data on Corona Pass (U. 8. Weather
Bureau 1933), and several brief summer observations, such as Kiener’s (1939)
on Long’s Peak and Bliss’s (1956) in the Medicine Bow Mountains, are of
interest. Our D-1 station data provide the first information for an entire year
that has been collected in the Front Range since 1912.

The alpine-tundra summer is very short, and cool to cold; thunderstorms
are frequent, and they sometimes yield sleet and hail. Autumn is short, clear,
dry, and mostly cold, but with a few warm days between the passage of cold-
front storms. The winter is long, very cold, very windy, and more cloudy than
other seasons; blizzards are frequent and severe, but their contribution of
moisture to large areas of the tundra is limited, because much of the snow
blows into drifts or down into the forest. The spring is short, cool, and wet at
the beginning; there is usually a drought interval in late spring or early sum-
mer. Strong winds are always from the west, the prevailing wind direction.
Significant amounts of precipitation come with both east and west winds.
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It is interesting to comparc the tundra-region environment (D-1 station)
with that of the subalpine (C-1 station) because of the difference in the growth
form of the dominant plants in the two regions (Table 9).

Tundra air temperatures were 4 to 13 degrees lower, varying with the
feature under comparison. The least difference is between minimum tempera-
tures, a situation found in other comparisons above and accounted for partly
by the fact that the cold-air masses that bring the lowest temperatures to the
east slope are so well mixed that altitudinal temperature differences are re-
duced; in addition, C-1 sometimes receives cold-air drainage from the Green
Lakes Valley, while D-1 is never affected by this phenomenon. Temperature
differences were greater in soil than in the air, ranging from 9° to 19° colder
in the tundra. There were almost twice as many frost-free days in the summer
period in the subalpinc as in the alpine, 87 as compared with 45 days. There is
a spectacular increase in wind in the 2,200-foot increase in altitude between
C-1 and D-1. The tundra, with about 160,000 miles in the year, had almost
twice as much wind as the subalpine. The precipitation gauges received the
same amount of water at the two stations, but this does not mean that the
“precipitation’ in the strict sense was the same. There is an inverse relation-
ship between the amount of wind at a site and the amount of snow a gauge
will collect at that site. Consequently, although data free from wind effects
indicate that the tundra does receive more precipitation than the subalpine,
we do not know the precise amount involved. These data from a single year
have only limited significance, but it is interesting to note that during June,
July, and August, the months with the least wind and with precipitation in the
form of rain or wet snow and therefore less susceptible to drift by wind, there
was significantly more precipitation at D-1. It will be interesting to see if the
data of subsequent years show a similar relationship.

Soil-moeisture comparisons between C-1 and D-1 are complicated by the
fact that the D-1 soil has a much higher humus content and therefore higher
water-holding capacity. The soil moisture was much higher at D-1 throughout
the year. Relative humidity was also higher in the tundra by about 18 %.

It is interesting to note that these differences between the environment of
the tundra region and that of the adjacent forest region are much greater than
between any two adjacent forest regions described in earlier sections.

Vegetation: Alpine-tundra vegetation is dominated by low, percnnial scdges,
grasses, herbs, and minute shrubs; it is highly variable in character but is
distinguished from other climax regions by the complete absence of upright
trees and tall shrubs. From a distance, the tundra appears to be a barren
topping to peaks and ridges; viewed close at hand, however, it is found to
have many areas of lush plant cover although some habitats are truly barren.
Areas of homogeneous vegetation may cover several acres, but often cover
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only a few square feet because the environment changes abruptly and fre-
quently.

Where the soil is stable, fine, and moist, and snow does not lic too late,
grasses and grass-like sedges form a continuous plant cover six to ten inches
deep. Many colorful flowers mingle with the dominants. On coarse or rela-
tively dry soil and late-lying snow sites, the plant cover is incomplete; bare
ground intervenes between rosettes, tufts, and ‘“‘cushions”. These cushion-
plants have ‘“woody” stems with intricate branching systems, but they
never rise over a few inches above the ground. Willow shrubs with catking 2
inches tall never raise a branch off the ground. Their larger relatives, the
shrubs with genctic capacity to grow upright, arc found only in depressions
where rocks and snow protect them from the winter wind. Boulder ficlds may
have a few vascular plants growing in the coarse soil that collects between
the boulders, but many acres of this rocky land are entirely devoid of plants
except for lichens encrusted on the rock surfaces.

There are only a few annual species in this vegetation, and Holch, et al.
(1941) concluded that reproduction of the perennials was largely vegetative
because they did not have time to sct seced. Osburn (1958), however, has
demonstrated that many species do sef seed and that they germinate pro-
fusely under natural conditions. Terrestrial fruticose lichens, that arc so
conspicuous in some arctic tundra, are rare in the alpine tundra, but foliose
ground lichens are common in many stands.

The vegetation is influenced profoundly by snow fields and their influence
on other environment factors, such as the length of the growing season. The
most hardy climatic-climax species in the tundra tolerate the absence of con-
finuous snow cover throughout the winter and, in fact, are intolerant of
continuous, even though shallow, winter cover. Where snow lics all winter,
but melts early in spring, there is a good plant cover; but where snow lies
later and later, the plant cover becomes less and less complete. Some sites
of very late-lying snow are devoid of vascular plants but may support a
thin cover of mosses and lichens. Many snowbank sites are surrounded by
irregular-shaped zones of plants that often get smaller, and cover the ground
less completely, from the outside toward the last snow to melt. In many other
snow-accumulation sites, factors other than the length of the snow-free period
predominate in determining the character of the vegetation, and the classical
centrifugal vegetation zonation is lacking. Gjaerevoll (1956) and Dahl (1956)
have studied the interactions of snow and vegetation in Scandinavia, and Bil-
lings and Bliss (1959) describe one snowbank area in the Medicine Bow
Mountains north of the Front Range. Martinelli (1959) has studied hydro-
logical features of snowfields in the Front Range.
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Congeliturbation, solifiuction, depth and duration of snow cover, and
activities of the pocket gopher (Osburn, 1958) are among the most powerful
controls of the characteristics of the vegetation in the alpine tundra. Plants
are excluded from arcas when these forces are most active, and they lead a
precarious existence in any site potentially subject to the activities of these
soil movers. Once a bare area has been produced, needle-ice becomes a power-
ful force that inhibits revegetation by uprooting seedlings (Schramm, 1958)
and probably also enlarges the bare area by tearing up the marginal vegetation.
There is a delicate balance between the forces of frost action and those of
revegetation. Even after the plant cover is broken, frost action may be domi-
nant for only a few years before revegetation stabilizes the substratum. Small
areas averaging 12 inches in diameter, in many stages of vegetation destruc-
tion and revegetation, are abundant on Niwot Ridge. These small “active”
areas often occur singly or in groups in the relatively fine center of a much
larger and currently stable sorted-net pattern (Plate 4).

All of the above-described environment-factor complexes, working alone
or in combinations, break up the tundra landscape into a mosaic of stand-
type ecosystems in which the individual units may be only a few inches in
diameter and are rarely over a few acres in cxtent. This heterogeneity in
plant cover has frustrated many efforts at classification and caused many
botanists to conclude that there is no ‘“‘sense” at all to tundra vegetation.
This is natural since most of us are accustomed to the larger units visible in
forest and grasslands; it is difficult to change one’s perspective and beeome
sensitive to these minute stands in the tundra, where one’s foot may rest at
one instant on two dissimilar stands. But there are recognizable stands in the
alpine tundra, and their characteristics and arrangement can be recognized
and described.

2. THE MAJOR STAND-TYPES

Selection of stands for intensive study in the tundra was influenced in part
by accessibility. Sinee it had been decided at the outset that field studies
would be continued throughout the year, it was essential to select stands that
could be reachcd from Science Lodge without unrcasonable handicaps.
Several winters of rescarch in the Lodge area had given a few students and
me an orientation in the kinds of problems that would be encountered in the
higher country, but we were to learn much in the new program about the
magnitude of some of the problems. The success of the project hung by a
thread on numerous occasions while some new difficulty was studied and
overcome.

Variety and regional significance were additional features considered in
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selecting study stands. I soon found that, in common with most American
alpine botanists, I could not distinguish stands in tundra that were equal in
basic character to forest stands. It was simple to distinguish between “fcll-
fields” (stands in which rocks and cushion-plants are conspicuous) and “wet
meadows”’, but these did not appear to be comparable to an aspen grove or a
ponderosa pine stand in the sense of being relatively homogeneous ccological
entities. Furthermore, it was puzzling to find that the exposure differences
in the landscape that are so conspicuous in the lower mountains were not
evident in the tundra. A similar situation had been detected in the subalpine,
but somehow it seemed that in the ‘“‘rugged” tundra environment, topographic
contrasts should be conspicuous.

As we became more familiar with the tundra, through detailed study and
repeated visits every week of the year and in every type of weather, solutions
to these two puzzles gradually unfolded. It became evident that degree of
soil movement, exposure to wind, and accumulation of snow all worked to
overcome the effects of exposure to solar radiation. And then one spring day,
when the bright pink alpine primula (Primula angustifolic Torr.) and the
pale blue phlox (Phlox pulvinate (Wherry) Cronquist) were at the height of
their flowering, true tundra stands suddenly became visible to me. The two
species were mutually exclusive. One area of several square meters had only
phlox while next to it another area had only primula. Immediately after I
became conscious of this segregation of species, I remembered that the tundra
I was traversing had becen a mosaie of snow-covered and snow-free areas most
of the winter. It then became obvious that these areas differed in both environ-
ment and species composition, phlox being eonspicuous in the more exposed
and less snow-covered areas. These areas, therefore, might be true stands in
the sense that I was using the term in the other regions. Subsequent observa-
tions revealed that they were true stands comparable in basic character to a
forest stand, and in time I learned to recognize many more such tundra
stands, one by one. The following autumn, acres of kobresia (Kobresta myosu-
rotdes (Vill.) Fiori & Paol) around our stations took on a beautiful golden hue
that contrasted sharply with the colors of adjacent areas and revealed the
important type that we now believe is a true climatic-climax stand-type.
It was interesting to discover still later that three different types of stands
could be separated on the basis of which of the three local species of clover
(Trifolivm nanum Torr., T. dasyphyllum T. & G., and T. parryi Gray)
occurred in a given stand.

The beginning of an understanding of certain aspcets of tundra ccology
actually came months and years after the time when it was imperative that
study sites be selected. Selection was based, therefore, on several considera-
tions other than the identity of local stands. An attcmpt was made to get
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to as high an altitude as possible and to locate in areas that had regional
significance. Niwot Ridge, west and north of Seience Lodge, proved to be
reasonably satisfactory. It had large areas of the rolling landscape that is
common in the Front Range tundra, and it was not far from our field head-
quarters, in miles at least. In order to conform with the total project design,
areas for study were selected on the broad ridgetop, north and south slopes,
and valley floor. The elevation of the first three stations, 12,300 feet, was
reasonably satisfactory, for that was well above the lower limits of the tundra
region. It would have been impractical, however, to go far enough up a valley
to get to the same elevation; consequently, a valley site directly below the
ridge stations and on one of our two travel routes was selected. It was only
11,700 feet in elevation and, therefore, not much above the regional tree-
limit, but its stands were distinctly tundra in character.

Our years of research on Niwot Ridge have revealed that it is an excellent
area for tundra research, but we have not had enough time yet to work out a
complete classification of stands. The mosaic of stands is complex, and there
is little background in the literature to help us out. William Osburn has now
been working on these areas for several years and will soon publish the results
of his work. In this paper, I will present data on only a few of the more con-
spicuous stand-types.

All the evidence now available indicates that each of the stands I will
describe is a climax entity. Osburn (1958) has identified and worked out the
fascinating ecological study of a series of unstable “successional” stands pro-
duced by activities of pocket gophers (Thomomys talpoides fossor Allen). The
type of stand in any one site in bis series depends upon whether or not gophers
are currently active or, if they are absent, the length of time sinee their
departure. This is an interesting example of ecosystems ‘“‘controlled” by ani-
mals, 2 somewhat unusual situation in a completely natural landscape.

a. Kobresia Meadow Stand-Type

A kobresia meadow stand is an incongruous combination of environment
and vegetation; this stand is snow-free most of the winter, and it would be
logical to expect such a severe site to have a sparse plant cover, but instead
the plants form a sward that compares favorably with many types of meadow
in more moderate environments (Plate 5). Kobresia plants are tufts of stiff
needle-like leaves rising above a flat-topped mass of leaf bases and stems
attached to a mass of fibrous roots. The leaves die back to this basal mat each
fall. The tufts may grow so close together that all other species are excluded,
but in most square feet of this stand there are openings between tufts that
give space for a variety of other species.

Kobresia meadow stands occur on level to gently rolling surfaces (occasion-
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ally on steep slopes) with fine soil that is normally moist during the growing
season and has been stable for a very long time, at least several hundred years.
They are always exposed to strong winds that sweep them clean of snow soon
after each winter snow storm, leaving the plants exposed to the cold, dry
atmosphere most of the winter. In the spring, snow does blanket the kobresia
stands completely, but it rarely gets over a foot deep and it always melts at
the very beginning of the growing season.

We studied two kobresia stands intensively. Stand D-1A surrounds the
D-1 tundra environment-measurement station and the Institute’s Tundra
Laboratory. It covers several acres of the moderately level 215-yard-wide
crest of Niwot Ridge near its west end. Giant polygons or sorted-nets, with
units 10 to 15 feet across, developed in some past age under a climatic regime
different from today on the ancient glacial till that caps this part of the ridge.
The centers of this pattern are of fine soil particles some of which may be of
eolian origin. These centers of fines support a vigorous growth of kobresia and
have an interesting soil profile. The upper 6 to 12 inches is a very black,
humus-enriched horizon similar to that of temperate zone grassland. The
lower boundary of this black horizon is rather sharp; below it there is a thin
layer high in clay resting on a much thicker horizon of sand. This sandy
horizon grades into coarse fractured blocks of parent material within three
feet of the ground surface.

The structure of the soil profile suggests the nature of the soil-water dy-
namics, a feature that may be paramount in controlling the nature of this
stand-type. The humus-rich horizon holds great volumes of water against
pull by both gravity and plants, fortunately more from the former. Whatever
water gets through that horizon sinks rapidly to lower levels out of reach
of plants. Studies of soil-moisture variations indicate that very little water
leaves this ecosystem by that pathway. It is possible that the well-drained
feature explains the stability of the soil in this stand. The patches of fine soil
that hold water are suspended in a matrix of coarse, well-drained rock debris;
the patches freeze and thaw as units in a way that precludes turbulence and
gorting commonly associated with freeze-thaw in tundra.

The rockiness of the ground in this stand is illustrated by the fact that
38 % of the surface, as measured along 7 66-foot transects, was rock.

The fine soil in the center of each polygon grades outward into progressively
coarser material and is finally replaced by the rocks and boulders that fill the
depressions around each polygon, Kobresia dominates the fine soil, but wherc
soil gets too thin for it, Geum rossiz (R. Br.) Ser., Trifolium dasyphyllum, and
Selaginella dense Rydb. become abundant. These latter species are actually
pioneering on the coarser substratum. As the soil gets decper as a result of
the activities of the pioneers, kobresia becomes abundant. Thus each patch
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of kobresia has g, peripheral zone of pioncers. Flowering plants are rare among
the rocks in the borders of polygons, but lichens and mosses are abundant
ou the rock surfaces.

When kobresia takes on its beautiful golden autumn hue and other plants
have wilted, the D-1 kobresia stand appears to be homogeneous and com-
pletely lacking in other species except for the pioneers mentioned above.
Careful observation, however, reveals the heterogeneity common to most
stands. Patches of cushion plants grow in micro-sites of unusually strong
wind, and patches and small stands of Parry’s clover meadow break the
kobresia carpet where snow accumulates most of the winter. In a similar
way, individual herbs and cushion-shrubs grow on minute patches of soil
that for one reason or another lack kobresia tuft. Table 25 on the vegetation
shows that 12 species besides kobresia have high frequency in this stand.

Tasur 28. D-14 Kobresia Meadow Stand Vegetaiion Daota

Quadrat Number (3 x 3 feet)
Freq, %
11213114 s ‘ 6 718 9 10 ] 11§ £2
Percentage of area covered by
plants.......... e 90| 90 85| 85| 95/ 85| 80| 75! 80| 85| 80| 80

Arenaria obtusiloba............... x[x|x!x|x|x|x|x|x{x}x{x{ 100
Campanula uniflora............... x|x|x|x|®|x|x|x|x|x|x|x| 100
Eritrichium aretioides. . ......... | x| x{ x| x| x} x| x| x| x| x|x| x| 100
Geum rossii............. e x| x| xix|x|x|x]x|x|x|x]|x]| 100
Kobresia myosuroides.......... x| x| x| x| x| x{x|x|x|x|x|x| 100
Lloydia serotina. ................. x{x{x{x|x|x|x|[x|{x{x|x{x]| 100
Oreoxisalpina. ... ................ | x| x| x|x|x|[x|x|x|{x|x]|x]x]| 100
Phlox pulvinata................... xix!x|x|[x|x|x|x|x|x|[x|x]| 100
Selaginella densa.................. X[ X[ X[ X[ X X (X[ X|X|X| XX 100
Trifolium dasyphylium............ X|x|x|x|xix|x|x|x{x|x|x]| 100
Carex scopulorum................. x| x{x|x x| x|xix|[x|x|x 92
Polygonum bistortoides. .......... [x|x|{x|x|x x{x|[x|x 83
Polygonum viviparum............. x| x| x|x x| x{x x| x 83
Pog aretica. .................... .. x|[x|x|x x x| x 58
Draba crassifolia.................. x x x| x X 42
Drabs fladnizensis. ............... x| x X X % 42
Gentiana tenella. .., ... .......... X! x X X 33
Potentilla rubricaulis. . ........... X | x X | x 33
Trifolium nanum. .. .............. X x x| x 33
Arenaria fendleri............... ... X x X 25
Saxifraga rhomboidea............. x x X 25
Silene acaulis.............. ... ... x x x 25
Lichens.. ... ciiiiiiinoin. x| x!xlx|x{x|x|x|x x| x 92

Note: Eleven other species with a frequency of less than 20 per cent in the quadrats ere listed in the species
list in Appendix I.
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External stand environment data for this stand are in Appendix IT; soil
data are in Table 24.

There has been cousiderable debate over whether or not a true climax can
exist in tundra regions. Churchill and Hanson (1958) have reviewed the argu-
ments on both sides of the question and concluded that the concept can be
applied to tundra. My study of the kobresia meadow has led me to conclude
that it is a true climax ecosystem. After reaching this conclusion from my
own field research, I found that Cox (1933) had reached the same conclusion
much earlier in his studies on James Peak only 20 miles south of Niwot Ridge.
Since it is moderate in most environment factors, it is reasonable to consider
kobresia meadow on relatively flat surfaces as the climatic climax of the Front
Range alpine tundra region.

A second kobresia stand, Stand D-2A, occurs on the north-facing slope
(17 %) near the Tundra Laboratory and is essentially continuous with Stand
D-1A. The data in Tables 25 and 26 show that the two stands really are very
similar. The presence of Primula and Ozyria in D-2A stand results from the
presence of several small, shallow depressions which accumulate snow. It
would be reasonable, in this general study, to lump these two stands into a
single unit; they are kept separate, however, in order to illustrate the basic
homogeneity of the type in spite of exposure differences.

The similarity in the vegetation of D-1 and D-2 stands suggests that they
have similar environments, and comparisons of the data we collected (Table
27) agree with that suggestion: air temperature was essentially identical all
year. The data on soil characteristics do show differences of 4° and 6° in annual
extremes, but the means of the extremes were essentially identical. There is
a difference in the 6-inch soil-moisture data, but it is probably a sampling
error. The depth of the humus-rich horizon varies greatly, and collected
samples were sometimes humus-rich and sometimes humus-poor although
they came from the same depth. All other factors were essentially the same
at the two stations.

b. Hairgrass Stand-Type

The best development of true grass meadow in the alpine tundra is in the
hairgrass (Deschampsia caespitosa (L.) Beauv.) stand. Early ccologists em-
phasized the ‘‘grassland” character of the alpine tundra (Ramaley, 1919a,
Cox, 1933), but this noun is appropriate only if used in the broadest possible
sense and made to include the sedges (Carex spp.), for these relatives of the
frue grasses arc the real dominants of many tundra stands. Deschampsia,
however, is a true grass, and it definitely dominates the aspect of this stand-
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TaBLE 26. D-2A Kobresia Meadow Stand Vegetation Data

Quadrat Number (3 x 3 feet)
Freq. %
12 )3|la]|s|6|7|8]|09|w0]uliz|13]|n
Percentage of area covered
byplants................. 100| 95| 95| 95| 85/ 90| 99| 95| 85 95| 85| 97, 95| 99

Geum rossii................. Xx[x|x{x|x|x|x|x|x|x|x|x|x|x]| 100
Kobresia myosuroides. ... ... xfxix|x|x|x|x|x|[x{x|x|x|x|x]| 100
Lloydia serotina. ........... x| x)x|[x|{x|x|x|x|x{x|x|x|x|x]| 100
Oreoxis alpina. ............. x| x| x|x}x|x|x|x|x|{x|x|x]|x|x| 100
Polygonum viviparum....... X | x| x|x{x|x|x|x|x|x|x|x[x|x]| 100
Carex scopulorum........... X | x X[ x|x|x|{x|x|x|x|x|x 86 -
Trifolium dasyphyllum...... X | x X | X! x| x|x|x{x|{x|x|x 86
Campanula uniflora....... .. X X| x| X|{x|{X|X x|x|x|x 79
Poa arctica . ................ X[ x|[x|x|x{x|x|x{x!|Xx X 79
Potentilla rubricaulis. . ..... x X x|[x|x|x|x|x{x|x]|x 79
Arensria obtusiloba......... x| x| x| x|x x| x| x x| x 71
Potentilla diversifolia....... x| x| x| x x| x| x x| x| x| 71
Selaginella densa........... X[ x|x|x|x|x X[ x|xyx 71
Oxyria digyna. . ............ ' x| x| x|x|x|x x!x|x 64
Trisetum spicatum.......... X| x| x x| x| x|x X|x 64
Silene acaulis............... x| x| xix X X X 50
Castilleja occidentalis.. .. ... x| x X x| x| x 43
Polygonum bistortoides . . ... xix|x|[x|x|x 43
Primula angustifolia. ....... x| x|x|x]|x 36
Erigeron simplex............ X X[ x x 29
Carex albonigra............. x| x| x 21
Eritrichium aretioides. . . ... x x X 21
Heuchera parvifolia......... X X[ x 21
Saxifraga serpyllifolia. . ... .. X X[ x 21

type. One stand on Niwot Ridge covers several acres. Hairgrass is a bunch-
grass, but the bunches grow so close together in the sites most congenial
for this species that at a distance the stand appears to be as continuous and
uniform as & cultivated lawn that has not been mowed. Basal cover is actually
only about 60 %, but the tops of the plants spread out over the bare ground
between bunches. Geum rossit and Polygonum bistortoides Pursh are common
in this stand.

There is actually a complex of stands in which hairgrass is conspicuous.
Most of them have a cover of snow that develops early in the winter and
remains at least until early summer and may persist until mid-summer. We
have not yet worked out the details on each stand-type. The one described
above is a climax under conditions of moderate snow cover.
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TaBLE 27. Comparison of Four Stands in the Alpine Climaz Region

Stands
D-1 Kobresia
D-3 Adoneus | A”**\W"2,~"* | D-2 Kobresia |D-4 Vall? Floor
Buttercup | il MR Meadow | Stands*

Cushion Plant

Altitude, ft...................... | 12,300 | 12,300 | 12,300 | 11,700
Exposure........................ | S-facing | Ridge top | N-facing | Valley floor
Yearly Features of Environment
Factors:
Air temperature, degrees F.
Maximum. .................... | 61 | 62 | 62 | 65
Mean Max..................... | 32 | 32 | 31 | 34
Minimum. .................... | —-20 | —18 | —19 | —15
Mean Min..................... i 19 | 20 | 19 | 21
Mean.......................... I 25 | 26 | 25 | 28
Longest freeze-free period, days. .1 45 | 45 | 46 | 69
Soil temperature, degrees F.
6 inch depth
Maximum. .................. | 59 | 53 | 59 | 57
Mean Max................... | 35 | 33 | 34 | 35
Minimum. . ................. I 8 | 6 | 2 | 11
Mean Min................... | 27 | 26 | 24 | 28
Mean....................... | 31 | 29 | 29 | 32
12 inch depth
Mean.................cu.... | 31 | 29 | 29 | 31
Wind, total miles................ I 141,018 | 159,636 | 166,413 | 139,715
Velocity, mph................... | 16 | 18 | 18 | 16
Precipitation, in................. | 34 | 26 | 27 | 33
Maximum snow depth, in.. ...... | Var. | Var. | Var. i Var.
Soil moisture, % dry wt.
5-7" depth, mean.............. | 26 | 32 | 29 | 40
11-13” depth, mean............ | 20 | 16 | 15 | 28
Mean relative humidity.......... | 68 | 70 | 69 | 68

* This site was 800 feet lower than but the same distance from the Divide as the other three ‘“D” sites.

c. Parry’s Clover Meadow Stand-Type

There is a series of stand-types whose character is determined largely by
ecosystem processes and conditions controlled by snow accumulation which,
in turn, is controlled by topography and wind. All sizes of depressions, and
areas in the lee of topographic breaks, are sites of wind deposition of snow.
Numerous factors control the time at which the snow melts, if at all, during



ECOSYSTEMS 89

the warm season. The duration of the growing scason, and doubtless the
character of several other environment features also, in different parts of the
snow-accumulation area, tend to vary in concentric zones that conform roughly
to the shape of the area. Consequently, there is a tendency for a coneentric
zonation of vegetation. In actual field situations, however, some other environ-
ment factors that do not vary symmetrically with the shape of the area appear
to dominate in the environment complex because the pattern of stands
often diverges from the more simple classical view of coneentric zones.

Parry’s clover (Trifolium parryi) meadow occurs in shallow depressions.
Wind transport of the first snow of the fall fills them in and reveals the
presence of many such depressions seattered acrogs what had appeared to be
level landscape all summer. This initial snow accumulation is usually dis-
sipated by wind erosion, sublimation, and melting before the next storm
deposits more snow. Eventually, accumulation exceeds dissipation of snow,
and the depression filis up to near the general level of the land; thereafter
snow blows right on across the site. Wind does seour out some of the snow
between successive storms, but each new storm brings the level up again.
This process of deposition and erosion goes on all winter with the maximum
depth being only a few feet. Whatever snow is in the site at the onset of above-
freezing temperatures melts quickly. Much of the melt-water runs off the
higher surfaces and accumulates as small pools in the bouldery depressions
of the ancient sorted-net ground pattern. Frozen ground aceounts for both
the run-off and the ponding.

The fragrant pink flowers of Parry’s clover delimit this stand clearly in
the carly part of the growing season. As Table 28 shows, however, Geum
rossit, Polygonum bistortoides, and Ariemesia scopulorum Gray are all common
in this stand-type. These plants become more conspicuous after the clover
flowers have wilted. The presence of kobresia in the samples of this stand
results from the irregularity in the floor of the depression and the placement
of sampling frames by the assistants collecting the data. The irregularities
produce small hummocks that rise above the level of snow aceumulation
and support concentrations of kobresia. Irregularitics in the outline of the
stand resulted in inclusion of parts of the adjacent kobresia meadow in
several samples.

The data above were collected in a stand, D-1B, about 50 feet southeast of
the Tundra Laboratory. It is completely surrounded by kobresia meadow,
and its external environment is essentially the same as that measured at
Station D-1. This stand appears to be relatively stable and could be called a
shallow-depression climax.
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TaBLE 28. D-1B Pearry’s Clover Meadow Stand Vegetation Data

Quadrat Number (3 x 3 feet)
Freq. %
1| 2| 3] 4¢]s 6 |7 8

Percentage of area covered by plants.[ 95 | 90 | 85 {90 | 85 | 85 | 85 | 70
Artemisia scopulorum ................ x | x| x| x| x| x| x|x 100
Geum rossii..................... x|l x x| x| x| x1 x| x 100
Kobresia myosuroides. . .............. x| x x| x{x|x|x|x 100
Selaginella densa....... .. e x x| x ) x| x} x| x| x 100
Trifolium parryi. ................... | x | x [ x X x| x| x 88
Polygonum bistortoides. ............. x| x| x{x|x X 75
Carex scopulorum.................... X x| x| x| x| x 75
Silene acaulis. ....................... x| x| x X X 62
Gentiana romanzovii................. x | x x | x 50
Polygonum viviparum................ X | x x | x 50
Salix reticulata var. nivalis. . ...... .. x| x| x X 50
Saxifraga rhomboidea. . . ... ... ... ... X [ x| x X 50
Arenaria obtusiloba ....... ... .. ... .. x| x X 38
Carex rupestris. ................... .. X [ x X 38
Krigeron simplex..................... X X X 38
Poa arctica. ................ A X | x X 38
Sedum lanceolatum. ........... ... ... X | x X 38
Sarex athrostachya................ . x | x 25
Draba crassifolia. .. ..... .. ....... .| x | x 25
Phlox pulvinata. .. ... .......... .. .. X X 25
Sedum rosea. ... ............oiai.o. x | x 25
Trifolium dasyphyllum. ... .......... X X 25
Lewisia pygmaea. .. ................. X ] X 25
Lichens. ... ... ...................... x [ x| x 38
Mos8eS. . ... ......ooieeeiiee ol X 1 X X | x X 62
Puffballs. . .. ......... .. .. ......... x | x 25

Note: Eight other species with a frequency of less than 20 per cent are included in the species list in Appen-
dix L.

d. Adoneus Buttercup Stand-Type

Sites with somewhat greater topographic relief than those of Parry’s clover
stands hold snow earlier and lose it later and have an environment that permits
adoneus buttercup (Ranunculus adoneus Gray) to develop in abundance. The
resulting stands are made conspicuous in early summer by the brilliant ycllow
flowers. of the buttercup, which often pushes its flower stems up through a
thin layer of rotten snow and spreads ouf its petals against the white back-
ground. As the season progresses, growth of other plants obscures the butter-
cup.

We studied an adoncus buttercup stand, Stand D-3A, on the south-facing
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TaBLE 29. D-8A Adoneus Buttercup Stand Vegetalion Data

Quadrat Number (3 x 3 feet)
. Freq. %
12 |3|4|s5s|6| 7|89 w0]niwn
Percentage of area covered by
plants. ... ........ ... 80| 85| 93| 85| 85| 85| 85| 70! 75| 82| 80. 70

Polygonum bistortoides. ..........| x| x| x|x|x|x|x!x|x|x|x|x| 100
Trifolium parryi.................. x| x|x|x|x|x|x)x|x|x|x|x| 100
Artemisia scopulorum . ...... ... .l x| x|l x!xlx|xlx}x x| x)x 92
Festuea brachyphylla. ............i x| x| x x|{x|x|x|x|x|[x]|x 92
Trisetum spieatum................ x| x|x x|x x| x| x|[x]|x 83
Ranunculus adoneus . ............. x[x|x|x|x x X 58.
Carex albonigra................... x| x x| x|x|x X 58
Erigeron simplex.................. x X|x|x|x|x x 58
Arenaria obtusiloba. ... ... ... ... .. x|{x|x|[x|x|x X 58
Oreoxis alpina. .................. X X|x|x|x|x x 58
Poa arctica. ...................... XX x| x X X X 58
Geumrossii..................... | X | X|[x}Ix|x|x X 58
Arenaria sajanensis. .............. x| x|x|[x]|x X 50
Silene acaulis..................... X x|[x|x X 42
Carex scopulorum......... ... ... ... X X x| x 33
Castilleja occidentalis............. X x| x X 33
Draba erassifolia. . . .............. x| x x X 33
Kobresia myosuroides.......... ... X X X X 33
Lloydia serotina. . ................ | X|x X x 33
Luzula spicata................... X X X X 33
Sedum lanceolatum . ........... .. x| x|x x 33
Trifolium dasyphyllum......... ... X X X X 33
Potentilla rubricaulis. . ........... X | x x 25
Selaginella densa.................. X X X 25

Note: Eleven ather speciea which had a frequency below 20 per cent are included in the species list in Appen-
dix 1.

slope (16 %) of Niwot Ridge near Station D-3 only about 30 feet below the
ridge top in altitude. Table 29 gives data on the vegetation and shows that
Festuca and Artemisia scopulorum are abundant in this stand along with the
more conspicuous species. This was an irregular-shaped stand, and several of
the quadrants that contained kobresia were probably overlapping adjacent
stands.

Data from Station D-3 give information on the external environment of
the adoneus buttercup stand; Table 24 gives soil data. Comparisons of the
environment of Stations D-2 and D-3 (Table 27) are of interest because they
were at the same altitude but on opposite slopes of the ridge. Air tempera-
ture, air humidity, the length of the freeze-free period, and soil temperature
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were the same 2t the two stations. D-3 had less wind and, as a result, more
precipitation because there is more wind from the northwest and therefore
more eddying over D-3. The interrelations of wind and the precipitation
sample caught in a gauge discussed above for station D-1 are illustrated again
by comparison of D-2 and D-3. The gauge at the latter station received 9
inches more precipitation; comparison of monthly figures shows that the
largest differences in precipitation came during the windiest months, the
maximum of both features being in January.

e. Snowbank Complex

As the magnitude of topographic relief increases beyond that of the pre-
ceding stands, snow accumulates still earlier and leaves still later and produces
additional types of stands. Dahl (1956), Gjaerevoll (1956), and Billings and
Bliss (1959) have described these ecosystem complexes.

If the ground first exposed by snow melt is fairly well drained, but is moist,
lush sedges and grasses dominate. From this area inward to the site of the
last-melting snow, there may be a progressive decrease in the size and density
of plants and a progressive change in species. A lichen-moss community occurs
on the ground that is the last to be exposed by the melting snow in some sites.
Sibbaldia procumbens L. dominates many late-snow stands.

If the ground first exposed by the melting snow is poorly drained, congeli-
turbation keeps the soil so disturbed that only a sparse cover of specialized
plants can develop. The more active centers of “frost-churning” are bare.

f. Cushion Plant Stand-Type

Ground surfaces that are tipped only a few degrees toward the prevailing
westerly winds are subject to strong wind and little or no snow cover. The
more severe the wind, the more adverse the environment. Snow that falls
on these sites is blown away, often forming moving dunes soon after it falls.
Plants and soil are, therefore, exposed to severe dessication the year around.
Several species of cushion plants (moss campion, sandwort, and alpine forget-
me-not) are most abundant in this stand. In the less severe sites of this
habitat-type, Geum, a bunch-plant, is abundant. This is a topographic-climax
type. One stand of this type just west of station D-1, Stand D-1C, was stud-
ied in detail. Table 30 gives data on the vegetation.

g. Dryas Stand-Type

In areas of gentle slope, relatively fine soil material, and abundant moisture
in the spring, the soil moves down slope in a slow mass-wasting process as the
soil particles are stirred and heaved by frost. On Niwot Ridge, the best exam-
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TaBLE 30. D-1C Cushion Plant Stand Vegetation Data

Quadrat Number (3 x'3 feet)
Freq. %
t 2 3

Percentage of area covered by plants. . — 90 80

Arenaria obtusileba........... .. .. .. X X X 100
Eritrichium aretioides. .............. X x X 100
Lloydia serotina. . .. ................ X X x 100
Oreoxis alpina. .................... .. X x x 100
Paronychia sessiliflora ssp. pulvinata. X X X 100
Phlox pulvinata. .............. ... X x x 100
Trifolium nanum. ................... x X X 100
Arenaria fendleri. ................... X X 67
Calamagrostis purpurascens. . ....... X X 67
Carex rupestris. ............ e X X 67
Geum rossii......................... x x 67
Kobresia myosuroides. . ............. X X 67
Poa arctica. ............ ... ... ... x x 67
Selaginella densa.. ................... X X 67
Trisetum spicatum. . ... ............ X X 67
Erigeron simplex. ................... X 33
Mertensia viridis. ................... X 33
Primula angustifolia................. x 33
Tichens. . ........ .. .. .............. X X X 100

ple of this environment type is also exposed to strong wind. Mats of the dryad,
Dryas octopetala ssp. hookeriana (Juz.) Hultén, form obstructions to the soil
movement and produce small terraces (‘‘dryas-banked terraces’’). There are
few other flowering plants in the community. This is a topoedaphic-climax
stand-type.

h. Sedge-Grass Wet Meadow Stand-Type

A really lush meadow of sedges with an admixture of grasses occurs on
colifluction terraces where the soil is kept wet or moist all summer by ground
water. The plants are over 10 inches tall, and they form a dense sward that
is broken only by occasional openings. Often the plants form a relatively
impervious dam around plant-free areas and produce small ponds while the
soil is frozen almost to the surface and water is abundant. As the soil thaws
out and underground drainage develops, the ponds usually dry up. Mineral
soil material of fine texture has accumulated to depths of over 6 feet in these
sites, and the vigorous plant growth has contributed an abundance of humus
which makes a soil that is very black in the upper horizon and brown for
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many inches below the black. Freeze-thaw processes have produced a layer
of stones on the bottom of the ponds that gives an erroncous impression of
a rocky soil. This stand-type is most common at lower elevations in the
tundra, perhaps because most higher levels lack sufficient water to support
them.

We have found soil ice in these stands throughout the summer at progres-
sively greater depth as the summer advanced. These observations suggest
that permanent ice, “permafrost’’, may occur in these stands if solid bedrock
is not reached in 10 feet. .

This is a climax stand, for it will persist with little change as long as climate
and physiography remain the same.

i. Willow-Sedge Hummock Stand-Type

Sites with very low slope gradient, wet soil throughout the summer, and
light snow cover .that melts early in the warm season are dominated by
hummocky topography and vigorous low willows and sedges. Hummocks are
up to 3 feet in diameter and 18 inches high. Inter-hummock depressions may
be- small basins or interconnected channels of varying length. They are
water-filled during early summer and rarely have more than a thin cover of
small plants. Individual hummocks may become elevated above the general
stand level, probably by the concentration of ice under them in the soil;
in such an event, small parts of the dense plant cover are raised into the full
blast of the dry winter wind that desiccates and kills the plants and eventually
blows them away and begins to erode the mineral soil. Field observations
suggest that, once the plant cover is broken through, needle-ice joins the
eroding forces by breaking up the margins of the vegetation and thus en-
larging the bare area. Such bare areas are probably often confused with
“frost boils”’, a term more commonly applied to bare areas produced by
actual convective movements and horizontal sorting of materials in the soil
to a depth much greater than that involved in needle-ice activity. Eventually
erosion lowers the top of a given mound to below the eroding plane, and
revegetation soon overcomes the forces of erosion. In the stand as a whole,
there are all stages in the sequence of the formation and revegetation of these
small bare spots. It appears to be the type of process referred to by Watt
(1947) as upgrade and downgrade succession and perhaps is the same as is
outlined by Billings and Mooney (1959). The type is a topoedaphic climax.
Reports by Retzer suggest that this stand-type may have permafrost at some
depth in the soil.
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j- Tundra Valley Stands

Valleys in the alpine tundra generally have precipitous slopes, abundant
lakes and snowfields, some glacially polished bedrock surfaces, rounded rock
knolls sculptured by glacial ice, an occasional boulder left perched on smaller
stores by melting glacial ice, and relatively lush vegetation. These beautiful
and spectacular areas were not studied in detail in this project, but many
observations were made and environment-measurement station number D-4
was operated for two years in the Green Lakes Valley. The valley contains
many types of stands, some that are probably peculiar to valleys and others
that have stands on ridges also. One type is that of spruce and fir tree islands
that are topographic climaxes in the lee of boulders and rock knobs. The D-4
station was located in a sedge meadow near Green Lake Four. This site was
about 600 feet lower than the other tundra stations but was directly below
them and therefore permits comparisons of a topographic transect of stations
all located the same distance from the Divide. It would have been impractical
to place the valley station at the same altitude as the ridge stations because of
problems in logistics.

Species composition of the vegetation around D-4 is given in Appendix I;
the annual summary of environment is in Appendix I1; soil data are in Table
24.

Comparisons of the D-4 valley site with the D-1 ridge-top site (Table 27)
are interesting because the latter is directly upslope from the former. Air
temperatures were 2° or 3° lower, soil temperatures were 2° to 5° lower, and
the freeze-free period was 24 days shorter at the ridge-top site. The wind
averaged two m.p.h. higher at the ridge, and the ridge received 7 inches less
precipitation, possibly as a direct result of the greater amount of wind. Soil
moisture was significantly higher in the valley, and humidity was not sig-
nificantly different.



Plate 1

A. Environment-measurement station D-2 on Niwot Ridge.

B. Looking southward across montane landscape from B-1 Station near Sugarloaf
Mountain. Generally concordant and rolling surfaces make up the “Rocky Mountain
surface’ at altitudes of approximately 8,300 to 9,300 feet.
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Plate

A. Ponderosa pine stand near A-1 Station in lower montane climax region. Dry grass-
land stand in foreground. Larger trees, whose flattened crowns indicate maturity, are
about 30 feet tall.

(

B. Douglasfir-ponderosa pine stand near B-1 Station. Larger trees, about 45 feet tall,
are Douglasfir on left and ponderosa pine on right.
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Plate 3

A. Aspen stand with ponderosa pine saplings that show tendency for succession from
aspen to the pine. Trees are about 6 inches in diameter.

B. Spruce-fir stand of subalpine region in Silver Lake Valley. Tallest trees are 75
feet tall. Upper limits of the subalpine and parts of the forest-tundra ecotone in back-
ground are treeless because of either deep snow accumulation or steep topography.
Alpine tundra in upper right.
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Plate 4

Patterned ground in alpine tundra on Niwot Ridge. Large pattern with boulder net is
stable, while the small frost boils inside the larger pattern are active. Pocket knife in
frost boil to right for scale.
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Plate

A. Kobresia meadow near D-1 Station on Niwot Ridge in early fall. Patterned ground
processes have produced concentrations of boulders.

B. Kobresia meadow near D-1 Station in winter. Pockets of snow occupy depressions
with either lichen-covered boulders or Parry’s Clover meadow.
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VI. SUMMARY

The east slope of the Front Range in north-central Colorado rises over a
mile in altitude above the Great Plains in a horizontal distance of less than
20 miles. Atmospheric factors impinging on horizontal surfaces vary with
changing altitudes. At any one altitude differences in topography and soil
parent material produce differences in exposure to solar radiation and to wind,
angle of slope, soil depth, and soil water. Most of the landscape has been
altered more or less by processes initiated by fires, miners, lumbermen, farm-
ers, cattle, and sheep. The rate and direction of ecological changes following
these alterations have varied from place to place. These variations in en-
vironment factors, landscape alterations, and ecological processes have pro-
duced many different types of environments. Most of the plant species and
probably many of the animals available to this area have ecological-ampli-
tudes that limit them to one or a few of thesc environments. The natural
consequence is a mosaic of many kinds of landscape units that differ in size,
shape, and assortment of components.

Seventeen years of research and teaching in this area have revealed that the
plant ecology of this complex mosaic can be studied and described effectively
by employing the ecosystem concept and three types of ecosystem units:
stand, stand-type, and region (climax and ecotone). The myriad of individual
concrete field units are stands. All similar stands may be grouped into a single
stand-type, and stand-types may, in turn, be grouped into regions. Stands may
be successional or climax, the former being relatively transitory, and the
latter being relatively stable in total character for a period of time that ex-
ceeds the average life span of individuals of the longest-lived species in the
stand. Climax stands that are “moderate” in total character, i.e., occur on
horizontal to gently rolling topography, are exposed to intermediate intensi-
ties of regional atmospheric factors, and have relatively stable soils that are
moderate in physical, chemical, and water features, are called climatie cli-
maxes. An extensive geographic area with a single pattern of climaxes, or,
to state it in another way, a region within which there is a single climatic-
climax stand-type (real or potential), is a clémazr region. A smaller arca of
intermediate character between two adjacent climax regions is an ecotone
region. There are 4 climax regions, 4 ecotone regions, a large number of stand-
types, and a much larger number of stands on the cast slope of the Front
Range.

Each stand has an internal and an external environment. The latter lies
immediately outside the space in which environment is influenced by the
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plants that make up the stand; it is relatively constant during one climatic
interval for a given site and does not change even if the vegetation changes.

Many stands of each stand-type were visited in the field during the 17 years
of this study. Several environment factors were measured in such a way as to
approximate the external stand environment of 16 different stands from
1 October, 1952, to 30 September, 1953. The present paper gives information
on gome characteristics of the 4 climax regions and the most conspicucus
stands in each region.

The primary contribution of the environment data to ecology is that of
providing numerical data on external environment factors of the major stand-
types and regions. However, the following general comparisons are of interest:

a. Comparison of regional environments of adjacent climax regions reveals
that the least difference was between the lower and upper montane, the
latter having air temperatures 4° to 7° lower, soil temperatures 3° to 8° lower,
30% shorter freeze-free period, and about the same amount of precipita-
tion and wind; the greatest difference was between the subalpine and alpine,
the alpine having 9° to 19° lower soil temperatures, one half as long freeze-
free period, and twice as much wind. The general nature of these differ-
ences was anticipated on the basis of differences in the species and growth
forms of the conspicuous plants in the different regions.

b. From one region to the next higher region, air and soil temperatures, the
freeze-free period, and relative humidity decreased, while snow depth and dura-
tion increased. Precipitation, wind, and soil moisture differed little between
the lower and upper montane but increased between the remaining pairs of
regions. Precise comparisons of annual precipitation between regions are im-
possible because the amount of wind affects the magnitude of the sample of
actual precipitation caught in a gauge, and the amount of wind varies greatly
between the upper three regions. The data suggest, however, that actual an-
nual precipitation increased with rising altitude throughout the study area
during 1952-1953.

¢. There was a conspicuous difference between ridge-top and south-facing
stands in the forest regions where the south-facing units had less wind, more
precipitation, and higher winter soil temperatures; in the tundra, the same
differences were evident except for temperature.

d. Differences between north-facing and south-facing stands were con-
spicuous in the montane where stand-types are also very different on the two
exposures, and relatively slight in the other regions where stand-types are not
so obviously related to exposure. In both the lower and upper montane, air
and soil temperatures were lower and snow cover was deeper and lasted longer
in north-facing stands. In the subalpine, higher maximum soil temperatures
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in the south-facing stand was the only conspicuous difference; in the alpine,
more wind and less precipitation in the north-facing stand were the only
noticeable differences.

€. No general comparisons can be made between valley-floor sites and other
topographic sites in the same region because the stations differed in altitude
or distance from the divide.

f. An indication of the utility of separating an extensive mountain land-
scape into different regions for ecological study is revealed by the fact that
there is no consistent relationship between topographically different stands
on the East Slope as a whole. For example, in the tundra the ridgetop and
north-facing stands have similar vegetation because wind and, conscquently,
snow-cover features are apparently the major controlling factors, and these
are similar in these two sites; the south-facing stand had less wind, more snow
accumulation, and thus different vegetation. In the lower montane, on the
other hand, the ridge-top and south-facing stands have similar environments
and vegetation, while the north-facing stands differ from the ridgetop in en-
vironment and vegetation; in this region, wind is less different in the various
sites, while temperature and soil moisture appear to be more controlling.
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APPENDIX I

CoMPLETE LisT oF PLANT SPECIES IN ALL STANDS
(Names according to Weber, 1961)

Species A-1 A-2{ A-3| A-4] B-1 B-Z‘ B-3| B-4| C-1} C-2| C-3] C-4| D-1{D-2

Abies lagiocarpa............ X x
Acer glabrum............... x X
Achillea lanulosa . . ......... x| x| x
- Agoseris aurantiaca......... x
Agropyron albicans......... x| x X
Agropyron smithii.......... x !
Agropyron trachycaulum.... X X
Agrostis alba ...............
Agrostis palustris...........
Agrostis scabra............. x| x x
Aletes acaulis............... XX
Allium cernuum . ...........
Allium geyeri...............
Alnus tenuifolia. ...........
- Ambrosia psilostachya......
Amelanchier alnifolia. ..... x
Androsace septentrionalis. . . X
Anemone canadensis........
Anemone patens............ X X X
Angelica ampla. ............
- Antennaria alpina . .........
Antennaria parvifolia....... x| x
Antennaria rosea. ..........
Aquilegia coerulea..........
Arabis drummondii .........
Arctostaphylos uva-ursi.....[ x | x
Arenaria fendleri........... x
Arenaria obtusiloba......... X|xX|x
Arenaria rubella. ........... X
Arenaria sajanensis......... x| ox
Arniea cordifolia...... e
Artemisia canadensis. ......
Artemisia frigida. .......... X X|x|x x
Artemisia ludoviciana. ... .. xix|{x|x | x|x|x
Artemisia scopulorum..... .. x| x
Artemisia undet............. f X
Aster foliaccus.............. X
Aster laevis. ............... X
Aster porteri. .............. X X
Aster undet................. X
Astragalus aboriginorum. . .. X X
- Astragalys alpinus. ... ... ... X
Astragalus parryi........... X

b
“
»
B
b

M X

EE

oM
b5
»
"
»
"

WM MR K "
KoM KM
» L ]
]
]

]
"
E

»

110



ECOSYSTEMS

Plant Species List (Continued)

111

Species

Astragalus shortianus.......
Astragalus striatus. ........
Astragalus tenellus. ........
Berberis repens.............
Besseya alpina..............
Betula glandulosa . .........
Betula occidentalis . ..... ...
Bouteloua curtipendula. . ...
Bouteloua gracilis . .........
Bromus inermis.............
Bromus lanatipes...........
Bromus pumpellianus.......
Bromus tectorum...........
Calamagrostis cansadensis ...
Calamagrostis purpurascens.
Caltha leptoscpala.. ... .. ..
Camelina microcarpa. ......
Campanula parryi ..........
Campanula rotundifolia. .. ..
Campanula yniflora....... ..
Capsella bursa-pastoris ... ..
Carex albonigra............
Carex arapahoensis.........
Carex athrostachya.........
Carexbella.................
Carex chalciolepis. .........
Carex chimaphila...........
Carex rupestris. ............
Carex foenesa, . ..............
Carex geyeri................
Carex heliophila. . ..... ... ..
Carex perglobosa ...........
Carex phaeocephala.........
Carex pyrenaica ............
Carex scopulorum . .........
Carex spp.......ccovviion...
Castilleja occidentalis ... ..
Castilleja rhexifolia.........
Castilleja spp...............
Ceanothus fendleri..... ..

Cerastium arvense..........
Cerastium sp. . .............
Chenopodium fremontii. . . ..
Chenopodium sp............
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Plant Species List (Continued)

! |
Species A-t| A-2f A-3| A-4| B-1; B-2| B-3| B-4| C-1| C-2{ C-3| C-4| D-1| D-2

Chimaphila umbellata.. ..... x
. Chionophila jamesii......... x
Chrysopsis villosa. . ......... X XX X X
Cirsium hookerianum.......
Cirsium undulatum......... X[ x X
- Collingia parvifiora......... x
Collomia linearis . .......... x
-Conyza canadensis.......... x
Corydalis aurea............. X
Crepis runcinata............ X
Cryptantha virgata......... X X
Cryptogramma crispa.......
Cystopteris fragilis......... x| x| x|x X
Dactylis glomerata . ........ x
Danthonia intermedia . ... .. x
Delphinium nelsonii........ x
Delphinjum sp.............. x
Deschampsia caespitosa... ..
Descuraipia richardsonii .. .. X
Descurainia sophia. ........ x X
Descurainia sp.............. X
Dodecatheon pulchellum.. .. X b3 x
Draba aurea................ X
Draba crassifolia. .......... X X
Draba fladnizensis. ......... x
Draba streptocarpa......... x| x x X x| x x
Dryas octopetala ssp. hook-

Epilobiwm angustifolium.... X x|{six|x|x
Epilobium glandulesum. . ...
. Epilobium paniculatum..... X
Epilobium sp. . ............. X
Equisetum arvense . ........
Equisctum hycmale.........
- Equisetum laevigatum......
Erigeron compositus........ x
Erigeron melanocephalus....
Erigeron peregrinus......... X
Erigeron pinnatisectus...... X x| x
Erigeron simplex. .......... X x| X
Erigeron speciosus.......... b
Erigeron superbus .. ........ X
Erigeron 8p.............. ... b ¢ x
Eriogonum alatum.......... x X|x X

b

WX oM M
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Plant Species List (Continued)

Species A-1] A-2| A-3] A-4| B-1{ B-2| B-3| B-4| C-1] C-2| C-3| C-4[D-1 D-Z!D-S i')-l

Eriogonum umbellatum. .. .. X XX x| x
Eriophorum angustifolium .. X
Eritrichium aretioides...... x| X X
Erysimum asperum.........
Erysimum nivale. .......... x X
Erythronium grandiflorum .. X
Euphorbia robusta.......... X
Festuea brachyphylla.... ... x| x| x Xix[x|x
Festuea kingdi .............. x
-Fragaria vesca var. ameri-

e

Fragaria ovalis.............
Fragaria sp................. X
Fransera speciosa........... X | x
Gaillardia aristata.......... X
Galium boreale ............. X
Gayopbytum nuttallii. ... X x| x| x
Gayophytum sp.............
Gentianella amarella...... .. X x| x
Gentianella tenella . ... ... ..
CGentiana romangovii..... ... xix X
Gentiana sp................. X X
Geranium fremontii......... x|x]x{x|x X
Geranium richardsonii...... X X
Geum rossii. ............... | x|x|x!|x
Gilia pinnatifida............ Xi X
Glyceria grapdis............ X
Grindelia squarrosa......... X X
Hackelia floribunda.... ... .. x
Halopappus pygmaeus ...... x| x
Harbouria trachypleura..... x| x|x|x{x|x{x|x|x x
Heracleum lanatum......... x
Heracleum sp............... X
Hesperochloa kingii.........| x| x X[x|x b
Heuchera parvifolia......... x X X x
Hydrophyllum fendleri...... X
Hymenoxys acaulis var.

caespitosa ... .......... ... X ¥
Hymenoxys grandifiora. ... X
Ipomopsis aggregata ssp.

candida . ................. X X | x
Jamesia americana.......... X X
Juncus balticus............. x| x
Juncus drummondii......... x

M oM oM oMM "

»

]

"

™
]
k)
M

"

»




114 UNIVERSITY OF COLORADO STUDIES

Plant Species List (Continued)

Species

A-1

A-2

A-3

A-4

B-1

|

B-2

B-3

B4

C-1

C-2

Juncus mertensianus........
Juneus parryi...............
Juniperus communis ........
Juniperus virginiana ssp.
scopulorum...............
Kalmia polifolia............
Kobresia myosuroides. .... ..
Koeleria cristata............
Lactuca scariola............
Lappula texana.............
Lesquerella montana........
Leucocrinum montanum . ...
Lewisia pygmaea . ..........
Liatris punetata. ...........
Ligusticum filicinum........
Ligusticum porteri..........
Linnaea borealis............
Linum lewisii...............
Lithospermum incisum.... ..
Lloydia serotina. ...........
Lonicera involuerata........
Lupinus argenteus..........
Luzula spicata..............
Lychris drummondii........
Madia glomerata . ..........
Malva neglecta .............
Melandrium album..........
Melilotus alba..............
Mertensia ciliata . ..........
Mertensia lanceolata........
Mertensia viridis . ..........
Microsteris humilis .........
Montia chamissoi...........
Muhlenbergia undet.........
Qenothera strigosa..........
Opuntisa rafinesquei.........
Oreoxis alpina..............
Orobanche fasciculata . .. ...
Orthocarpus luteus . ........
Osmorhiza obtusa...........
- Osmorhiza sp,..............
Oxalis stricta. ..............
Oxypolis fendleri. ..........
Oxyria digyna ..............

C-3

C-4

D-1

D-2{D-3

X| X

X

X | X
X
X

Xt X

x

D4
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Plant Species List (Continued)

Species | A-1] A-2] A-3! A-4| B-1! B-2| B-3| B-4{ C-1| C-2| C-3| C-4| D-1| D-2| D-3/ D-4

Oxytropis deflexa. .......... R S T B ST
Oxytropis lambertii......... I A T 3 ST <
Paronychia sessilifiora ssp.

pulvinata................. (T SR S T S T S ST
Pedicularis groenlandica..... 1+ 1 1 1 1 1 1 4+ 1 Xl | I 1X
Pedicularis parryi.......... T S (R S S SO S (R S S S SR SR B
Pedicularis bracteosa var.

paysoniana ............... T R T R T R S B R SR R
Pedicularis racemosa........1 1+ 1 1 1 1 4 4 11X 1 IX
Pedicularis spp. . ........... T R S U E S (R S SR SR U SR N4
Penstemon alpinus.......... [ S T B TS <
Penstemon procerus. ....... IR A TR T Y N EE E NN B B U <
Penstemon rydbergii........ T T R N N T R
Penstemon unilateralis. . .. .. [ R T A A R R A <
Penstemon virens........... FXIXIXIXIXIXIXIXIX! X
Penstemon whippleanus..... [T T T R SN S T SR B B ¢
Phacelia heterophylia. ... ... I T S A
Phacelia sericea . ........... T N A R S & o1 x
Phleum alpinum............ [ N T N N R A S B B B A <
Phleum pratense............ [ I 3 T T A R T TS 4
Phlox pulvinata . ........... b1 40 1 1 1 1 1 11X X X!IX
Physocarpus monogynus ....1 1 x1 x| [ | IX
Picea engelmannii . ......... 11 1 1 1 1 11X X1 OfxX1 o1 1 1x
Picea pungens .............. I T T T R '
Pinus contorta..............1 1 1 1 1 11Xl 1X X X X X
Pinus flexilis................ 1 41X X X1 IX X! 1X
Pinus ponderosa............ IXIXIXIXIXIX1X1X
Plantago major............. o1 X1 b X
Poa alpina.................. T T T S E A (N RN S T T R T R 4
Poa aretica................. 11 4 1 1 1 1 4 111X X X X
Poa compressa.............. PX X
Poa palustris............... I R S S
Poa pratensis............... IXIXEX4X1 1X1 1X1X1 X
Poaglauca. ................ [ T L e T B | x
Poasecunda................ [T T T S N S
Poaspp..................... P4 XIXUX1L b 1 11Xl OIX
Polemonium pulcherrimum

ssp. delicatum............ [ T B | ! I X
Polemonium foliosissimum ..i t 1 X
Polygonum bistortoides. . ... I I I IXIXIXIXIX
Polygonum convolvulus..... [ R S <
Polygonum douglasii. ....... i1 IXt o0 1 IXIX
Polygonum viviparum. ..... P 00 X b XXXt 1X
Populus angustifolia........ [ TS 4
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Plant Species List (Continued)

Species

A-1

Populus tremuloides ........
Potentilla diversifolia.......
Potentilla fissa . ............
Potentilla fruticosa.........
Potentilla gracilis...........
Potentilla  gracilis  ssp.

pulcherrima . .............
Potentilla hippiana.........
Potentilla nivea . ...........
Potentilla rubricaulis ... .. ..
Potentilla sp................
Primula angustifolia........
Primula parryi.............
Prunus virginiana . .........
Pseudocymopterus monta-

Pseudotsugs menziesii ... ...
Purshia tridentata..........
Pyrola secunda .............
Pyrola virens...............
Ranunculus adoneus........
Rhinanthus erista galli. ....
Ribes cereum........... .
Ribes inerme ...............
Rosa acicularis.............
Rosa woodsii...............
Rubus deliciosus............
Rubus idaeus...............
Rudbeckia hirta............
Rudbeckia laciniata . .......
Rumex acetosella...........
Rumex triangulivalvis......
Salix auglorum . ............
Salix bebbiana..............
Salix brachycarpa. .........
Salix drummondiana........
Salix reticulata var. nivalis.
Salix planifolia .............
Salix pseudolapponum ... ...
Salix scouleriana............
Salix spp. . .................
~Sambucug racemoss. ..... ...
Saxifraga bronchialis. ......
Saxifraga debilis... .........

A-2

X

A-3

A4

X

» Mo oM N

oM

I

"

B-1

B-2

X

X

B-3 B4| C-1f C-2
X X X
X X X X
X
p.4 xX
X X
X
X X
X X
X X
X
X
X
X
X X
;X
X X
X
X
X
X
X
X
X X
X

C4

D-t

D-2

D-3

D-4

L
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ECOSYSTEMS

117

Species

A-1

Saxifraga rhomboidea
Saxifraga serpyllifolia..... ..
Scrophularia lanceolata
Serophulariaceae sp
Seutellaria brittonii.........
Sedum rosea................
Sedum rhodanthum
Sedum lanceolatum
Selaginella densa
Senecio eremophilus
Senecio fendleri
Senecio integerrimus...... ..
Senecio triangularis.........
Shepherdia canadensis ... ...
Sibbaldia procumbens.......
Silene acaulis
Silene scouleri..............
Sisymbrium altissimum
Sitanion hystrix
Smilacina racemosa
Smilacina stellata
Solidago canadensis
Solidago glaberrim
Solidago glutinossa
Solidago multiradiata
Solidago spp
Spiranthes romanzoffiana . ..
Sporobolus eryptandrus... ..
Stellaria longipes
Stipa comata
Swertia perennis
Symphoricarpos albus.......
Symphoricarpos sp.
Taraxacum ceratophorum. . .
Taraxacum officinale
Thalictrum sparsiflorum . ...
Thermopsis divaricarpa.. ...
Thlaspi alpestre
Thlaspi arvense
Tradescantia occidentalis ...
Tragopogon dubius
Tragopogon 8P......ccoonnns
Trifolium dasyphyllum . ...
Trifolium nanum
Trifclium parryi

A-2] A-3| A-4| B-1] B-2
X
Xt X
X XXX
X[x(x|x|X
X|X|XxX{Xx X
X | X
X
x
X
X
X
X
X | X
X X[ X
X
X
X
X
X X
X
X
X
X
X

B-3,

B-4

Mo M oM MK

T A

b

C1

o

C-2| C-3
X| X
X
X! X
XX
X
XX

D-1

»

D-2|D-3
X| X
b4

X
X| X
X X
X
X
x| X
X

X

D-¢
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Plant Species List (Continued)

Species | A-1] A-21 A-3| A-4| B-1| B-2| B-3| B-4| C-1} C-2| C-3| C-4| D-1| D-2| D-3| D-4
Trifolium pratense.......... (I T S S <
Trifolium repens............ 111Xt o1 1 1IX X! ot IX
Trisetum spicatum............ 1 1+ 1 1 1 1 1 11X X! IX X X X
Vaccinium cespitosum . .....1 1+ 1 0 1 1 1 1 1 F 1 IX
Vaccinium myrtillus........ I v X0 o1 1t 11X X X X
Vaccinium scoparium ... .... [ T I I U R E E ER H B 0 H B NN U 4
Verbascum thapsus......... | R S U T A E R N I BN B ¢
Veronica alpina............. e e e e N B O
Viguiera multiflora. ........ fr 1 XY X
Viola adunea............... [ T N T T 4
_Viola canadensis............ I N N N <
Viola nuttallii.............. [ A
Viola palustris.............. [T (N T R R T T B [N 4
Viola rugulosa.............. [T RS ¢
Yucea glauea. .............. X
Zygadenus elegans.......... (I N N D A I T D I 3 B N B A 4
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APPENDIX II
SUMMARIES oF ENVIRONMENT DaTa
TABLE A

University of Colorado - Institute of Arctic & Alpine Research - Summary of Mountain Environments

Station No, A-1 Altitude 7,200 Fi, “Exposure Ridge Top Annual Summaryoct 1952-0ct 1953
p ., Air °F No, days Temoerature, Soil OF 3-7 in, 11-13 in,
Month S R Dafly |of Dl ""m"e‘i"" M 5&’%}“ L M Voo | sean | of Weokt
i i i v ax skly in, h i
Max _?v?ig M. lv?i'n).l L\c;ax;:lr\‘fm above 320F T r\(-a[a%.' Min, 4 Maxs, & Mins,
Oct, 79 | 66 18 37 51 23 61 55 ) 47 51 49
o 70 ) -3 20 31 4 51 43 31 36 39 39
L.Bec, 61 40 2 31 21 1 33 .32 27 29 30 32
Jan, 60 45 -3 26 36 10 32 32 25 28 30 32
Feb, 58 40 -1 18 29 4 33 32 28 29 51 32
Mat, 72 51 10| 27 39 9 52 | b2 30 |32 37 35
Apr. 7h 4g 8 25 37 1 58 46 32 3 b 37
May 78 59 19 35 47 1g**17]] 68 59 36 41 50 k7
_Junc 95 1 80 43 52 66 30 76 74 50 51 62 59
| July_ 96 8h 51 5; 71 31 % %_7{ 56 52 gg 21;
_Aug, q3 79 L6 5 [ 31 SE
Sent. Jgg gﬁ s L9 63 §0 15 71 % —?1 62 [N
Yo D) I S 4L L7 45
Month Wind ‘ P:'ecip, Snow (Min on drifting) 5011 MO:SI. % dl")l’ ‘V’~." Rel, Hl-lﬂm. Data collected for M, Ecology
Tot, Mi. | Vel. mph,j|inchs water | Max, depth|Min, depth 5" -1 11" -13 Means Project under contract with Of-
23:,’ Zggg % g—’% 1?'0 8 2 3 l;g fice of the Quartermaster Gen-|
Dec. 5672 B 0.5 5 2 L T S| el U.S. Ay
an, | 7908 11 0.6 2 0 9 7 48 . . .
Feb. 5205 8 T2 70 0 5 T 59 Longest period of consecutive
Mar, 648 8 2.0 4 0 51 days without freezing temp.
Apr, 3738 5 2.3 4 0 19 14 62 "
May 4114 6 3.2 ] 0 10 8 (3 “Date of f)u'st and last tTemp,
ljune | 4401 1 6 1.7 0 0 5 7 3 velow 32° F,
Tuly 4537 6 5.6 Q 9] 8 9 55 . .
Aug 4245 6 2.8 0 0 7 7 ok **Period of no freezing temp,
Sept. 5080 T 0,1 0 ] 3 A 43 extended beyond final date of
- b AP this summary,
Year 698 20,2 R 0 7 7 23




TABLE B

University of Colorado - Institute of Arctic & Alpiune Research - Summary of Mountain Environments

Station No, A-3 Altitude 7 '200 Ft, Exsosure South Aunuval Summary Oct 1952 -Oct ]953
Temperature  Air OF No, days Temperature, Soil VF 4-7 in, 11-13 ia.
Mealy 0 3 i Nean Tiean Tean
Month Max, [:J»?ai}(y Min, ]?{,E; }.01[:?5% a :}:}Z.ete;;gg Max. \\g\eizly Min, ‘:?ienk_l‘v Mean }‘&fx:\.{egkﬁlmsn
Oct, 81 67 20 37 52 23 70 69 L3 &7 56
Nov. 72 L2 =2 20 51 L 59 49 33 36 42 45
Dec, 70 45 2 23 | 3% 3 b7 1 37 29 32 34 35
Jan, 67 51 -1 29 40 11 4g 41 31 32 37 36
Feb, 62 43 0 19 31 4 50 41 30 33 37 37
Ma, 75 A1 11 27 | W 9 57 52 33 | 35 by 42
Apt, [ 49 7 26 37 9 62 52 3h 37 bl 42
May 78 59 20 36 4y 21%x14[} 72 63 38 43 53 51
Jure 97 80 L2 51 65 30 82 79 Sk 57 68 65
_July 9 83 51 51 70 31 86 83 62 64 Th 70
Aug, 92 Bl 4g & &7 3] 4 59 81 71 9
Sept. 88 79 34 L [ 30 83 77 59 8 57
‘ﬁ‘" J} [ -2 *"*%3_2 86 60 29 4 K2 1
Nonth }Vind . P‘xec;p, Snow (Mx‘n of drifting) Soxul MO.':SI, ”,"adlz‘ \\"..” Rel, Humi, Data collected for Mc, Ecalogy
Tot, Mi. | Vel, mph.| Jinchs water | Max, depthMin. depth 5" -1 11" -13 Means Project under contract with Of -
(;,C:‘ %ggé ;— g‘g ﬁ 8 ¥ L l;g fice cf the Quartermaster Gen-
Dec. 3638 5 0.5 Ed 0 11 n 4 eral, U.S, Army,
Jan, 4970 7 _0.,5% VYar. 0 ) 8 5l . ] )
Feb, 3276 3 1.4 4 0 11 10 65 Longest period of cunsecutive
Mar, 2404 3 2.0 3 [4) 55 days without freezing temp.
Apr. 2552 4 2.3 1 0 17 19 69 _
| May 2719 4 3.0 0 0 9 9 %9 wDate of first and Jast temp.
| June, 3057 [ 1.7 0 0 7 7 57 below 32" F.
Tty 3002 L 3.5 0 0 1 3 28 : :
| Aug, 2658 L 2.8 0 0 6 5 59 *=period of no freez‘mg temp.
Sept., 3150 4 0.1 0 0 Ly 3 L5 extended beyond final date of
Ye-r 7 ;i 13 i 5 r this summary,

021
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TABLE €

University of Colorado - Institute of Arctic & Alpine Research - Summary of Mountain Environments

Statlon No, __A=2 Altitude 7,200 Ft. Expoture __North Annual Sumimary Oct 1952-0ct 1953
Temperature, &ir OF No, days Temperature, Soil OF 5-7 in, 11-13 in,
Month hMedh ] Mean nlean min, tenp, Mean ] NEET NEan
Max, Daily Min, Daily |of Daily Aax, Weekiy Min, Weekly | Mean of Weekl
Max, Min, _|Max&Ainj above 320F AMax., Ain, Maxs, & Mins,
oct, 75 61 19 | 36 &9 17 58 50 37 40 L5 45
Nov., 63 37 = 19 28 4 47 37 26 31 2L 37
L Dec 54 40 2 24 32 1 30 29 26 27 28 30
Jan, 57 43 -2 26 35 9 33 31 23 27 29 30
Feb, 56 38 -2 17 28 3 32 31 2k 26 29 29
Mar, 70 Lg 9 25 31 1 42 34 24 27 31 30
Apr, 73| 48 8| 25 36 8 51 371 32 33 35 3%
Moy 11 58 19 35 46 1p%*1g| 66 55 35 L0 [N ks
Jue 9% |80 &3 51 65 30 75 73| 5t o 63 60
Ll 95 | a2 51 56 69 31 80 75 58 60 a7 &6
Aug, 9] 8 Iy 5 a5 1 72 69 07 1) [P [0
{Seoe 8 b b3 & bl U bE 05 49 51 of bYA
Yoo 5& LT3 BB AFr126 50 5G| 23 %5 o ™%
Nonth Wind Precip. Snow {Min, of drifting}| | Soil Moist. %dry wr. ]} Rel, Hum. —
Tot, Mi, | Vel, mph,| finchs water | Max, depthjMin, depth 5¢ -1 1 -13" Means Dal,a collected for . ':'.COI‘)gy
Ser Y57 ¥ R Tars 5 e s P.rczject under cantzact with OH
Nov. 2145 z 1.9 5 1 33 fice of the Quartermaster Gen~
Dec, 291 5 0.5 7 m ™ % 0 eral, U,S, Army,
Jan, 5714 8 0,6 4 o) b 3 56 v
Feb, 3650 3 1.4 ) 1 T 5 7 *Longest period of consecutive
Mar, 3992 5 2.0 12 0 58 days without freezing temp.
Apr, 2693 4 2.5 10 0 14 13 68
| May 2814 A 2.3 1 0 8 g %8 *Date of fnim and last temp.
June 3075 4 1.7 0 0 7 7 59 below 327 F,
July, 3105 4 3.1 0 0 7 7 57
 Aug, 2929 [ 3,0 0 0 5 5 60 ~*Period of no freezing remp,
Sept,, 6 0 0 0 4 4 extended beyond final date of
Yeat ) this summary,

SINHLSASOOH
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TABLE D

University of Colorado - Institute of Arctic & Alpine Research - Summary of Mountain Environments

Station No, __A=H Altitude 7,500 Fi, Exposure _Valley Annual SummaryOot 1952-0ct 1953
Temperature, Air °F No, days Tempetature, Scil OF 5-7 in, 11-13 in,
Month Redt ] Mean Mean min. temp. NMean - JALEDY eI
Max. Daily Min, Daily ]_ol' Daxlr o Max. | Weekly Min, Weekly | Mean of Weekly
Aax, Min®  {Max &alin} above 320F Max, Min, Maxs, & Mins,
Oct, 13 6l 9 24 43 2 60 53 28 [ 57 L7
Nov, 6l 38 =13 10 24 0 49 38 20 29 33 31
Dec, 57 39 -12 14 27 0 31 27 22 24 25 29
Jan, 58 [ -1 23 3 7 32 30 23 25 28 31
Feb, 54 36 -18 10 23 1 37 33 24 28 31 32
Mar, 67 46 7 21 30 1 53 4 27 31 38 37
Apt, 69 46 [} 19 33 2 52 43 32 34 28 38
MMay 72 54 18 29 41 6 65 57 27 41 49 47
_June 87 71 28 38 55 27*51] 13 71 49 52 62 59
July ek T4 39 | 44 59 31 71 74 56 58 66 63
Aug, 81 ird 34 40 LTy 3 73 70 53 LT 63 51
Sept. S0 7] 27 £ 41’_? 10*%3 | og £9 22 22 59 Lyi
Year gll :& «]8 O *£0 il 73 50 20 3 45 li-i
Morth Wind Piecip, Swow {Min, of drifring)| [ Soil Moist, %dry wt, {]Rel, Hum,
- R . . ——— - " Data collected for Mt, Ecology,
Tot, Mi, | Vei. mph.]||inchs water | pMax, depth{sin, depth 3" -1 11" -13 Neans Project under contract with Of-
(132:; ;;2; 2 g"g Yﬂ.g. g 3 3 g% fice of the Quartermaster Gen-
Dec, 3096 1 0:6 [ 2 [ g 75 eral, U,S, Atmy,
Jan 479 [ 0.6 9 0 [ 2 64 .
Feb, 3233 5 1.2 9 1 - Pl (¥ *Longest period of consecutive
Aar, 3142 i 2.0 8 0 &5 days without freezing remp.
Apt, 2262 4 2.3 3 0 [} [ 72
May 2101 3 3.5 0 0 T 4 73 *Date of gixsl and last emp.
[ Juce 1321 2 1.6 0 0 b 3 5o | below 32° F.
Tuly 1326 2 2.8 0 0 3 3 T
| Aug, 1218 2 3.2 0 Q 6 [ 71 *Period of no freezing remp,
Sept.. 2043 3 0.2 Q 0 3 I 62 exrended beyond final date of
Year 27678 3 18.8 9 i this summary,

ecl
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TABLE E

University of Colorado - Institute of Arctic & Alpine Research - Summary of Mountain Environments

Station No, ___B=1 Altitude 8,500 Fr, Exposure Ridge Top Annual SummaryOct _1952-Oct 1953
Temperature, Air OF No, days Temperature, Soil OF 3-7 in, 11-13 in,
Month Mean s Nean sean min. emp, - Mean - ] Nean Nlean
Max. | Daiy | Min | BRl |8 D] svove soop|| M- | MESY | Mim. f Wiy | MeRv | Eircs M,
Oct, 75 61 17 3h 47 .19 51 51 40 L2 46 47
Nov, 63 37 -7 16 27 3 47 38 27 %3 36 37
Dec, 62 36 -4 18 27 1 35 30 26 27 29 30
Jan, 58 41 -l 21 31 5 31 29 24 26 28 29
Feb, 54 35 -6 13 2% 0 31 29 22 2k 27 29
| Mar, 67 45 3 21 33 1 [ 35 24 29 32 32
Apr. 71 43 3 20 32 ] 47 36 32 32 34 35
May 74 53 12 28 41 12%%26|{ 57 bg | 34 38 43 43
_lune 89 T4 37 47 61 30 68 65 48 52 58 57
July 87 17 i 53 65 31 72 £ 56 58 €3 62
[ Aug, 85 13 L) ﬁ [ 31 Zo g& o2 by 61 50
Sept, ﬁg 71 23 27 PELLE 8 20 B2 28 97
ear 89 Sl -7 30 4 *100 72 47 22 39 43 L3
Month ?Vind . Precip. Snow (Min oAf d{i.f[ing) St—>i"1 Mo:st, %‘dlri; wt:;” Rei. }lu.m, Data collected for Mt Ecology
Tot, Mi, | Vel, mph.] tinchs water fax, depth|\in, depth " -1 H -1 Aearns Project under contract with Of-
g,;[' gél,;g g ?'g 18 ?. 2 b ‘;g fice of the Quartermaster Gen=-
Dec, 6346 10 0.7 Yar. Yar. 4 &b 59 eral, U.S. Army.
Jan, 10200 14 0.6 Yar. Yar. 4 3 61 . ) .
Feb, 6163 9 1.7 Var. Var, I Iy 73 Longest period of consecutive
Mar, 6607 g 2.2 11 %) 63 days without freezing temp,
Apr. 4974 7 2,7 8 0 14 9 67
| May 4308 6 3.6 ) [s) 12 i3 59 *Date of girst and last temp.
 June 3307 5 1.6 0 0 10 10 61 below 32" F,
July 3168 5 2.9 0 [s] 10 10 52
Aug 3360 5 2.9 O [ 8 7 55 [**Perjod of no freezing temp,
Sept. 482 6 0.1 0 ) kL 4 L7 extended beyond final date of
i P 11 . o Q this summary,
“ear .
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TABLE F

University of Colorado - Institute of Arctic & Alpine Research - Summary of Mountain Environments

Station No,B=3 Altitude _8,500 Ft, Exposure South Annuat SummaryQet 1952-Oct 1953
Temperature, Air OF No, days Temperatare, Soil O°F 3-7 in, 11-13 in,
Mooth dedu ] Mean [ »ean min, temp. bMean ) Nzan Nean |
Max, Daily Min, Daijly |]of Daily  and Max, | Weekly Min, Weekly | Mean of weekl!
ax, Min, [nax & Nind above 32°F Max. Min, Maxs, & Mins,
Oct, T4 61 20 37 49 __23 66 59 41 47 53 55
Nov. 6l 39| -5 19 1 29 6 53 i3 28 | 34 39 L2
Dec, 51 31 2 19 28 1 38 33 26 28 31 34
Jan, 58 42 -5 23 32 7 43 31 25 29 33 33
Feb, 56 36 =4 15 26 0 42 37 27 30 33 34
Mar, 65 46 b 23 35 3 59 51 29 32 41 39
Apt, 69 43 6 22 33 4 59 47 33 34 4o 39
May 71 52 15 32 52 16 **1911 70 61 36 39 50 by
June 89 72 36 43 60 30 80 17 48 54 65 60
July 86 76 b6 | 5% 65 31 82 78 55 57 68 85
Aug, 85 7% 1 &3 51 3 1 18 [ 22 22 ¥ k.
Sept, a9 3 33 47 0 30 75 73 H3 55 64
Year 89 -5 . 33 Hi ] 34 B2 56 25 4] +9_‘ 48
Nonth Wind Precip. Snow (Min, of driftiag){ | Seil Moist, Fodry wr. Rel, Hum, at
Tot, Mi, | Vel, mph.| [inchs water | Max, depthfMin, depth 5" =" 11" ~13* Means Da‘ﬂa coltected for Mt, Ecology
~ Project under contract with Of+
:::, ;:ggg ll% ?.9? V%r. 8 3.2 & ‘;2 fice ¢f the Quartermaster Gen=
Dec, | 4,590 4 0.7 3 0 5 18 50t crel U.S. Army.
an, 7,188 i0 0.6 Var. Var, 12 17 67 .
Feb. 4,522 7 1.5 9 2 S E 71 *Longest period of consecutive
Mar, [ 6 2,0 7 0 3 days without freezing temp,
Apr, 3,089 4 2.5 3 9] 14 13 60
| May 3,557 5 3.6 0 0 11 11 60 *Date of fus: and Jast iemp,
Juge 3,301 5 1.5 ] 4] 5 8 53 below 32° F,
July 3,070 4 2.8 [o] 0 9 1 Y
Aug 2, 78’+ 4 2.8 0 0 6 7 53 "*Period of no freezing temp,
Sept,, [ 0.2 0 0 3 3 39 extended beyond final Jase of
mm‘llmwl— e -
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TABLE G

University of Colorado - Institute of Arctic & Alpine Research - Summary of Mountain Environments

StationNo. B=2_____ Altitude 8,500 . Exposure North ~  Annual SummaryOet 1952-Oct 1953



TABLE H

University of Colorado - Institute of Arctic & Alpine Research - Summary of Mountain Environments

Station No, B4 Altitude 8,200 Fr, Exposure ___valley Annval summary Oct 1952-Oct 1953
Temperature, Air 9F No, days Tempe:atute, 50il °F 5-7 in, 11-13 in,
Month Mean Mean Mean mir, temp, nlecn ) Nean NEan
Max, Daily Min. Daily |of Daily o0 dMax, Weekly Ain, Weekly Aean of Weekly
May Min, |nax & Min| above 32°F Max, Min, Maxs, & Mins,
Oct, 71 60 5 25 b2 L 61 55 37 ko is 49
Nov, 61 37 =14 12 24 2 51 5] 22 30 36 38
Dec 55 35 =20 13 24 [¢] 31 29 18 22 26 26
Jan, 56 39 =5 22 31 4 38 33 23 25 29 30
Feb, 48 33 ~18 9 21 1 4] 34 22 27 30 3
Mar, 61 42 5 18 30 4] 52 45 25 30 38 36
Apr. 65 42 -8 18 30 ¢ 54 42 32 33 57 o7
Aay 68 51 14 28 39 7 65 56 3 38 L7 b5
_June 84 71 31 40 55 29% %4 T4 70 &7 o1 60 57
uly 82 13 7 Lyl 59 31 Th 70 55 57 64 62
Aug, %o 71 32 40 96 SORFIONC 13 7T 52 20 52 ol
[sepi. 1 g8 1 22 [ =% S0 15 56—k 5T &1 o8 o7
2z BT M W | 0 M A o—
Alonth 1¥ind Precip, Snow (Min, of drifting) Soil Maist, Yadry we, Rel, Hum, ] )
Tot, Mi. | Vel, mph.] [iachs watec | Max, depth|Min, depta || 5" - 1" | 11" 13| Mleans ;Z‘;:fil:;:‘l;:;i;\fi:lgsf’_
Sii E‘éﬁg c g': Vz;r. g 2 i Zg fice cf the Quartermaster Gen-
Dec, 7,684 | 10 0.6 Tar. 0 3 3 63 eral, U.S, Aemy,
Jan, 12,816 17 0,4 Var, Var, 3 3 61 ) )
Feb, 7,423 1 0.9 Var, Yar., B 3 67 *Longest period of consecutive
Mar, 7,682 10 1,6 11 0 59 days without freezing temp,
Apr, 9,751 8 2.4 3 0 10 7 59
| May 4,622 6 3,0 [4) 0 8 9 62 *Date of girst and last temp,
| June_ b4y Ok i 1.8 0 0 7 7 55 below 32° F.
July 3,245 b 2.6 0 0 7 9 63
Aug, 3.108% 44 2,0 Q 0 4 4 62 **period of no freezing temp,
Sept,, 0.4 0 0 _ 2 extended beyord final date of
Ve 0,442 8 0 X 60 this summary.
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TABLE I

University of Colorado - Institute of Arctic & Alpine Research - Summary of Mountain Eavironments

Station No, __ C=1 Altitude 10,000 Fr, Exposwre _Ridge Top Annual SummaryQet 1952-0c¢t 1953
;empera!we, Air OF No, days Temoerature, Soil 9F 5-7 iut, 11-13 in,
slean Sea i : Aean Slean <lean
Month Max, ;i?a;;) Min, 1?{;22 hﬁg?@i%\{in_ ;;’;e‘?;gl: Max, »V\ef:l:l) Min, \\iglenm) Mean A\&fx:\.re;k‘x -
Oct. 62 5 12 28 0 4 55 50 37 50 45
Nov. 51 30 =10 12 21 1 45 36 19 27 32 34
Deg, 4g 2 14 13 20 0 31 28 | 20 22 25 27
Jan, b 29 ~7 16 23 Q 32 30 21 23 26 28
Feb, 4Q 25 -10 ] 16 0 32 29 19 21 25 27
Mar, 54 34 1 16 25 0 45 38 21 26 32 30
Apr. | 56 36 2 18 27 2 43 34 27 29 31 31
May 59 43 6 25 34 9 52 43 32 33 38 36
e 75 63 29 38 51 26771 70 |_&° 39 | b 53 50
July T4 67 35 bdy 55 31 12 ) 48 51 59 57
Aug, 71 [ 23 5] 23 31 il &8 4 49 58 56
Sept, 68 82 25 26 7T 21%¥3 1] 65 R 46 o4 Bl
h’Y.EB‘T— - g S 24 -y 13 3/, 40 QQ |
Month Wind Precip, Snow (Min, of drifting)f { Soil Moist, Jdly w2, | Rel, Hum.
: . X TR - - - Data collected for Mt, Ecology
Tot, Mi, | Vel, mph,[[inchs watee | pax, depth|Min. depth 3“ -7 11" =13 Means Project undet conmact with Of-
:Z:;* g’igg ; 2—'2 12 Vgr o 11 g—f fice cf the Quartermaster Gen~
Dec 70,010 | 1% 1.8 22 Var. ) g 57 eral, U.S, Army.
Jan, 16,151 22 1.8 32 23 4 9 68 . i
Feb. 10,217 15 2.1 44 3 [ ) (3] *Longest periad of consecutive
Mar, 9,629 13 2.2 60 41 €2 days witbout freezing temp.
Apr, 6,519 9 3.% 60 33 15 10 62
| May 5,673 8 4.5 5T 35 16 18 €8 ™Date of fisst and last temp,
| June 4,952 7 2.4 27 ) 15 15 %9 below 32" F,
July 4,532 6 2,8 0 [¢] 13 14 67 )
Aug, 4 260 6 1.8 0 [s) 13 11 66 **Period of no freezing remp,
6,09 8 0.6 0 5 9 52 extended Feyoad final date of

this summary,
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TABLE J

University of Colorado - Institute of Arctic & Alpine Research - Summary of Mountain Euvironments

Station No, __C=3 Altitude 10,000 Ft. Exposure_SOuth Annual SummarOct 1952-0ct 1953
Tempetature, Ait OF No, days Temperature, Soil °F 57 in, 11-13 in,
Jean NG R i R Al Nee
Month Mas, S‘aﬂy Min, | Daily of 520 min,EmR| | wgﬁy Min, | Weekly | Mean | of Weekly
Max Min, JMax& Mind above 3207 Max, Min, Maxs, & Mins,
Oct, 69 58 14 29 43 6 63 58 __1 37 41 50 *5
Nov, 55 22 -8 11 22 0 kg 37 25 30 33 34
Dec, 52 29 ~13 13 21 ] 28 27 21 22 25 25
Jan. 46 31 =5 17 24 0 31 28 18 21 24 26
Feb, 42 27 =10 K 18 0 30 29 19 22 25 26
Mar, 58 36 1 16 26 0 39 34 23 26 30 30
Apr, 61 39 1 i8 29 3 42 34 32 32 23 32
Mey 62 46 9 25 36 8 55 47 33 35 41 40
une 80 61 29 39 53 27**71] 13 67 43 47 51 5k
July 19 70 31 45 56 31 16 71 _52 5y 63 60
Aug, 17 69 2 §2 9. 31 13 59 21 53 ol 28
Sept 732 66 27 37 jé QL * % 67 65 47 50 57 29
{our 80 bt S 3 7 il 76 L7 18 26 52 )
Month Wind Precip. Snow (Min, of drifring) Soil Moist, Jedry wr, Rel, Hum,
- . pot— - " Dara collected fur Mt, Ecolugy
Tot, Mi, | Vel, mph,| |inchs water [ pax, depthfhlin, depih 3" -7 RS SXA Mzans . 4 : ith OF
O 4,968 1 0.5 Var €] K 3 42 Proact under contract with Ot
O UG 2.3 12 | Tar 57 ] [lee cf the Quartermaster Gens
Dec 8,077 | 11 2.3 16 | Var, 5 5 BL_f erob U.S. army.
Jaa 12,423 117 3.2 23 L7 s 3 [3] ) )
Feb. 7.842 12 3.0 E3 23 b 3 ) *Lorgest period of corsecutive
Mar, _7.484% 10 3.4 37 25 16 16 %0 days without freezing temp,
Apr. 5,004 | 7 2.6 42 29 20 16 63 !
| May 4 485 6 .6 33 23 15 13 68 *Date of gxrst and Jast temp.
ute 4,191 6 2,6 0 0 11 11 63 below 32" F,
July _ 3,631 2 3.0 ¢ Q 12 12 68
Auz 3,617 5 1.8 0 0 8 9 65 **periad of no {reezing temp.
Sept,. 4 & 0. 0 0 A A extended beyond final date of
. m 0 > 0 20 - this summary,
ven; .
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TABLE K°

University of Colorado - Institute of Arctic & Alpine Research - Summary of Mountain Environments

Station No. C=2___ _ Alcitude 10,000 Fe. Exposure North _  Annual SummaryOct 1952-0ct 1953



TABLE L

University of Colorado ~ Institute of Arctic & Alpine Research - Summary of Mountain Environments

Station No, C-4 Altitude 10,200 Ft. Exposure Valley Annual SummaryOct _1952-Oct 1953
Temperatwe, Air 9F No, days Temperatute, Soil OF 5-7 in, ll:llﬂ in,
Kean i NMean ean Nean
v | g | v | S0 Ll | s e | | vie (S | e | ey
Qct, 59 1 51 15 28 39 5 5% 50 36 38 i 43
Nov, 47 28 _1-11 11 19 0 b 35 19 21 31 32
Dec 40 23 =21 10 17 Q 28 26 18 20 23 24
Jan, 42 26 -5 15 20 0 30 27 16 21 24 24
|_Feb, 35 22 -9 6 14 0 30 26 17 19 22 23
Mat, 49 30 =3 14 22 0 37 31 20 21 26 27
Apr, 56 33 1 16 25 2 32 32 28 30 31 31
May 59 42 1 23 32 3 49 37 | 3 31 3k 34
June 7 60 28 36 48 23%#25 | 65 60 39 43 52 51
July 13 64 23 42 23 31 70 65 49 51 58 57
AU, 69 bl 22 40 20 2C**301] 66 b3 b 20 by 20
Sept, -8 L) 25 35 47 20 82 0 7y 45 53 52
ST WL e ia—— IO L T I T . 5 i
Month Wind Precip, Saow (Min, of drifting){ | Soil Moist. 7adry wt, |§ Rel, Hum,
D : - - " ——— - Dara collected for Mt, Ecolegy
Tot, Mi. | Vel, mph,| [inchs water | pax. depth|Min, depth 5" -1 11 -13 Means Project undet contract with Of ~
(l:coir g'ggg i}i (1).; Ygr Vgr 8 1 lb*’-; fice <f the Quartermaster Gea~
Dec. 139 19 16 Var. | Var. 7 [ [} eral, U,S. Army.
Jan, 18, 33& 26 1,9 Var, Yar. [ 7 73 . . .
Feb, 13,179 19 ) Var. Var. 7 7 Longest period of consecutive
| Mar, 12,610 17 2.1 Yar. Var. 16 12 6 days without freezing temp,
Apr, 9,467 13 2.9 28 Var. 18 15 67 !
| May 6,845 9 <0 Var, Var. 13 14 70 “Date of é”“ and last temp,
 June 5,318 T 3.2 0 3] 8 1% 63 below 32 F,
July 4,427 & 3,0 ~Q Q 14 16 68 .
Aug, 4 .99Q 7 2.1 0 0 7 12 68 **Period of a0 freezing temp,
Sept, 1 11 1.3 0 0 7 9 55 extended beyond final date of
Yeur (115,32 1 20,1 28 0 10 10 this summary.
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TABLE M

University of Colorado - Institute of Arctic & Alpine Research - Summary of Mountain Environments

Station No, D=1 Altitude _ 12,300 Fr. Exposure ___ Ridge Top Annual SummaryOgt 1952-0ct 1953
Temperature , Alr OF No, days Temperature, Soil °F 3-7 in, 11-13 in,
Month Maz, g!::l: Min, ].\)13351; of Doty | miR-tempAl \;‘éeea‘:f}y Min, f:')::lsiy Mean of Week!
Max Min, _IMax & Min] above 320F Max, Min, Maxs, & Mios,
Oct, 50 Rl 9 27 3G 5 41 36 31 32 4 34
Nav, 32 18 -18 ¥i 13 [¢] 32 28 14 22 25 27
Dec, 34 15 [ -10 5 10 0 23 21 11 14 17 18
Jan, 32 18 =3 a 13 0 22 20 12 14 17 2z
Feb, 24 13 =15 1 7 0 21 18 & 10 1k 15
Mar, 41 21 -9 9 15 0 27 22 11 14 18 18
Apr. 47 23 % 11 17 ) 30 26 4 15 [ 19 22 23
May 46 _ 32 5 19 26 2 35 32 23 27 _30 29
June 61 51 29 %6 [ 20%%25 |1 48 by 32 34 39 31
July 62 55 35 41 4g 31 53 51 42 43 b1 45
Aup, 91 a1 32 37 44 2B%*11 52 49 41 49 LY 35
Sept. 87 49 23 Xl L1 48 Le 37 1q 43 Lo
TR 62 32 -18 Q 26 *45 53 33 [ 26 20 23
Month Wind Precip, Snow (Min, of drifting) Soil Moist, Fedry Wi, Rel, Hum, .
i ¢ 1ax, depthiMin, depth 5% - " 11" =137 Means Da‘f‘ collecsed for Mr, E.wbgy
— ’;_oei;;é_l.é Ve,_ll,_Tmph_ lncgs \;ater {'ar . s Project under conjract with Of
Nov. | 13,727 L 22 1.3 Var. | Var. 2 18 7| fice ef the Quartermaster Gen-
Dec, 17,783 ) ob 1.6 Yar. | Var, 26 8 79 eral, U.S. Army.
Jag 22,0 0 2. Var. Yar. 88
Feb, l&J‘Zg ;5 1.3 Var, | Yar. ;513 Ji? g5 | "lengest period of consecutive
Mar. 16,441 22 2.2 Vav, Yar, 19 days without freezing temp.
Apr, 14,057 20 2.1 Yar, Var. 21 14 81
| May 10,725 14 3.6 Var, Yar, 73 18 77 ™Date of girs( and Jast temp,
| June 8,591 12 2.8 0 42 20 57 below 32" £.
July 6,981 9 4.0
A ug, 8,462 11 3,3 =*period of no freezing temp,
Sept.. 11,626 0,8 extended beyond final date of

this summary,
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TABLE N

University of Colorado - Institute of Arctic & Alpine Research - Summary of Mountain Environments

Station No, D-2 Altitude __ 12,300 Fu, Exposure North Anoual SummaryQet 1952-Qct 1953
Temperatuwre | Air OF No, days Temperature, Soil OF 5-7 in, 11-_![_3 in,
Month Max, I‘;::l; Min, B’:ial; o? ]6:?! ; mi. “?‘“P‘ Max, ‘szlaee?«r:y Min, ‘}’Iee_:ll(&y Mean of Vl\\feeeal?l
Max Min,__IMax & Min_sbove 320F Max, AMin, Maxs, & Mins.
Oct, 49 39 9 27 33 3 40 36 30 31 33 33
Nov, 32 17 -19 [ 11 4] 32 27 10 19 23 26
Dec, 31 1k =11 4 9 0 24 22 8 11 16 18
fan, 30 16 -5 7 11 4] 23 20 8 11 15 17-
Feb, 22 12 [ -37 0 3 Q 21 18 2 7 13 14
Mar. 40 19 -12 1 13 0] 29 24 9 12 18 1B
Apr, 45 22 -5 10 16 [s) 21 27 1b 18 23 22
Mav 47 32 4 18 25 1 35 31 20 26 28 28
une 62 51 2k 35 k3 20%%25(1 52 48 32 36 42 38
uly 62 55 35 42 48 31 59 55 40 L2 4g 45
| _Aug, 98 o1 32 3 4 2O*111] 9 o4 39 40 [ L4
cpt. 5&_ 48 25 & 20 5 50 36 27 34 42
%r . 2 -19 29 *46 5! 34 2 24 29 29
Alonth Wind Precip, Snow (Min, of drifting) Soil Moist, Sedry i, Rel, Hum,
Tot, Mi. | Vel. mph. | [inchs water | Max. depth|Min. depth || 57 =77 | 11" -13°]| Means iii::f::::i::;ﬁﬁ:%%{
Oct, 13,487 18 0.2 Yar. 9 L] fice of the Quartermaster Gen~
Nov, 1%,633 20 1.0 Q 0 26 15 68
Dec. 18,887 | 25 1 Yar | Yars T 1% 18 eral, U.S. Army.
[ Jan 21,465 29 2,4 Var, Var, 18 8 86 .
Feb, 17,865 27 1.k Var. Vgr. 43 « 83 *Longest period of consecutive
| Mar, 17,29 23 2.4 Var, Var, 7h days without freezing temp,
Apt, 14,703 21 2,7 Yar, Var, 23 9 16
| May, 10, 964 15 k.1 0 0 27 PN 7l ™Date of ghu and last temp,
| June 8,391 12 2.8 0 0 12 18 L0 below 32 F,
 July s 72920 10 4,2 0 0 34 21 63
Aug £,982 12 3 2 0 0 26 20 67 {**Period of no freezing temp,
Sept, 12,222 16 0.7 0 0 52 extended beyond final date of
Year 66,4 2 vYar. 0 2 1 i Summarys
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TABLE 0

University of Colorado - Institute of Arctic & Alpine Research - Summary of Mountain Environments

Starion No. D-3 Altitude 12,300 Fr. Exoosure South Angual SummaryOCt 1952-0ct 1953
Temperature, Air OF No, days Temperature, Soil OF 5-7 ia, 11-13 in,
Month [ Meam ‘ Mean Slean min, teinp, ] lean - ) Mean ] \lean
Mex, | Dol ) Min | R WEDRGL] shove o] Yo | ek | M | R | e | e
Oct, 52 42 10 26 3h [ b | 42 29 32 37 37
Nov, h . 18 -2Q 6 12 0 36 30 10 22 26 28
Dec, | 36 15 {-11 4 9 0 25 22 8 11 16 19
Jan, 32 17 -4 7 12 0 23 20 10 13 17 18
Feb, 26 13 =17 1 7 0 21 19 2 12 15 17
Mar, 4o 20 |-10 8 14 ) 26 22 17 18 20 19
Apr, 45 22 ~06 9 16 0 28 25 21 22 24 24
May 47 32 5 19 26 2 33 30 24 27 28 28
June 61 50 25 35 43 1g%%25 52 48 32 36 42 37
July 61 55 34 40 48 32 59 55 42 Ll 49 Lo
Aug 57 92, 31 L¥i Lh 20*%]1 58 b 51 43 53 LTS
Sept, P! P 34 %A - 25 2 40— 4] 15 55
hY_c:u' 1 2 ~20 p 26 *45 5% 35 8 2 31 51
Month Wind Precip, Snow (Min, of drifting) Scil Meist, Jedry v, Rel, rfum. D lected for Mt. Ecol
ala ¢ cle ar Adt, ECOIOgY
Tot, Mi, | Vel. mph,{{inchs water iax, depth|nlin, depth EREE A 11" -13" nMeaus Projecfu:der conact with ngy_
gz:‘ ig’zgg %’ g’g Vgr Vgr 1 T 2’2 fice of the Quartermaster Gen-
Dec, 15, 21 2.9 Yar. | Var. 13 16 75 ¢l U.S. Ay
Jan, 19,692 27 9.3 Yar. Yar, 14 5 g? o . .
Feb. 14,85 25 3.1 Var. Var. 8 9 8l Lorgest period of consecutive
tar, 14,622 19 4.0 VYar. Var, 72 days without freezing temp,
Apr. 12,414 17 3.1 Var. Var. 10 8 13
| May 9,819 13 5.8 V) 0 58 35 72 *“Date of gi:st and last temp,
[ June 8,120 11 2,2 0 0 36 33 56 below.32" F.
July _6,197 8 3.4 Q [¢] 42 29 62 ) .
L!lEE- ~7.880 10 E) Q 0 3l 13 67 **Period of no freczing remp,
Sept., 88| 1 0.6 0 0 X extended beyond final date of
his f .
Year | 141,018] 1 . Var, | O 26 20 g | ooemmen
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TABLE P

University of Colorado - Institute of Arctic & Alpine Research - Summary of Mountain Environments

Station No. D=k Altiude 11.700 Ft. Exposure Vallev___ - Annual SummaryOet 1952-0ct 1953



SUGGESTIONS TO  CONTRIBUTORS

1. Manuscript is to be typewritten on one side of paper 84 x 11 inches, double spaced
and with ample- margins; carbon copies are not acceptable,

2. Do not underline any words in the typewritten sheets except titles of books or
magazines.

3. Certain words with variable spellings may be standardized as follows: co-author,
co-operate, death rate, guinea-pig, high school (noun), high-school (adjective), man-like,
per cent, percentage, program, so-called, subclass, text-book, theater, today, X-rays,
zoology.

4. If in doubt as to beginning a word with a capital, use a small letter; the editor
can easily change it if change is needed. Capitals are less used now than formerly.

5. Punctuation should follow approved English usage. Among other points this
requires a comma before and in a series of words and a comma before end or bus intro-
ducing part of a compound sentence. The colon is seldom used except just before a series
of nouns, adjectives, or phrases. Use the dash only as follows: (1) to set off parenthetical
expressions too long and emphatic for commas, but not grammatically independent;
(2) to precede an explanation appended as an appositive at the end of a sentence, e.g.,
This was the practice of the tribe — a practice established for many centuries. Distinguish
by double length a dash from a hyphen.

6. Do not put a period after the title of your article or after any of the centered sub-
titles.

7. Save expense of footnotes by putting footnote material, if possible, into the text.
When footnotes are used, they are to be numbered consecutively through an entire article
or entire chapter. Footnotes should be typed one after the other on a separate sheet,
not interspersed with text or put at the bottoms of the manuscript pages. The first line
of a footnote is always indented.

8. References, whether in literature cited, bibliography, or footnotes should .all be
made consistent as to order of author’s name, subject, name of publication, volume
number, page, and date. See recent numbers of Siudses for acceptable styles to employ.

9. The Studies does not indent quoted paragraphs; hence in the manuscript they
should be full width. Never indent anything in prose except the first line of a paragraph.

10, Tables are to be without ruled lines. They should be typed on sheets separate
from the text. Please reduce tables to a minimum,

11. Since printing is expensive, avoid unnecessary material, especially tables and
long lists which are of little interest except to the author.

12. If it is desired to use line drawings or photographs, consult the editor before
preparing them.

13. If the article is one for which a summary can be prepared it is highly desirable
to make a summary, having it somewhat | s than one page in length.
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